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I. — Opening  Address  by  Db.  Francis  H.  Thomson,  the  President. 


November  4,  1868. 

We  have  amved,  gentlemen,  at  an  important  epoch  in  the  history 
of  the  Philosophical  Society.  For  many  years  it  has  been  quite 
apparent  to  the  Council  and  Members  that  a  change  of  some  kind 
was  absolutely  necessary  for  its  conservation;  for  when  we  look  to 
the  rapid  progress  of  Glasgow  towards  the  West,  it  could  hardly  bQ 
expected  that  men  engaged  in  business  during  the  day  in  the  city 
would  be  disposed  to  undertake  the  exertion  of  coming  so  far  east  to 
atteiid  our  meetings,  more  especially  when  it  is  taken  into  con- 
sideration that  the  greater  proportion  of  the  members  live  in  the 
West  End. 

This  subject  has  been  under  the  anxious  consideration  of  the 
Society  for  several  sessions,  not  on]y  as  regards  our  accommodation, 
but  on  account  of  the  dangerous  position  of  our  library,  caused  by 
the  extreme  damp  and  faulty  ventilation  of  the  hall  where  we  so  long 
assembled. 

Many  schemes  have  been  devised  to  enable  us  to  carry  out  this 
most  important  object,  and  committees  without  number  have  been 
formed  for  the  purpose  of  arriving  at  some  definite  result ;  but  on  all 
occasions  it  became  painfully  apparent  that  the  funds  of  the  Society 
were  not  in  themselves  in  a  sufficiently  prosperous  state  to  enable 
them  to  make  any  definite  proposal;  and,  however  willing  the  Council 
might  be  to  adopt  their  suggestions,  it  was  quite  evident  that  nothing 
could  be  done  without  an  appeal  for  pecuniary  aid  to  the  Society. 

Without  doubt  such  aid  would  readily  have  been  granted  by  the 
limited    number    of   members  who    at    each  meeting  make  their 
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appearance  to^feup^rt  the  President^  and  take  an  interest  in  the  , 
many  valualjl^^dpers  which,  season  after  season,  ai-e  brought  forward. 
But  as  tl)6'%t«rage  attendance^  amounting  to  about  forty,  represents 
only  on^^Mi  of  the  Society,  any  subscription  for  this  purpose, 
althcAigh  proposed  and  accepted  by  them,  would  not  in  all  probability 
hav^  b€«n  endorsed  by  the  Society  generally.  In  all  the  struggles  of 
tl»e.6^ncil,  which  have  not  been  few,  to  inaugurate  a  feasible  scheme 
^[jfc'tliis  reformatory   movement,   two   difficulties  always  presented 

r.tt^^mselves, — deficiency  of  funds,  and  generally  a  want  of  sympathy. 

''.I  shall  not  detain  you  by  describing  these  various  schemes,  but  come 
at  once  to  the  subject-matter  of  my  present  remarks — ^namely,  the 
movement  which  we  are  this  night  met  to  inaugurate. 

"When  the  proposal,  wliich  first  emanated  from  the  Council  of  this 
Society,  to  convert  the  Corporation  Buildings  into  halls  for  the 
different  Scientific  Societies  and  the  School  of  Design,  was  originally 
mooted,  it  was  looked  on  as  Utopian,  and  many  were  the  anxious 
debates  with  the  various  committees,  both  connected  with  the  Town 
Council  and  those  representing  the  interests  of  science,  before  the 
scheme  assumed  a  tangible  form.  Lord  Provost  Lumsden  has  per- 
sonally taken  a  deep  interest  in  the  subject,  and  by  his  earnest  and 
zealous  assistance  enabled  the  various  committees  to  bring  this  scheme 
to  a  happy  conclusion.  I  have  much  pleasure  in  taking  this  oppor- 
tunity of  thanking  his  Lordship  for  his  hearty  co-operation. 

Independent  of  the  immense  value  which  this  westward  movement 
to  secure  suitable  premises  will  be  for  the  conservation  of  our  valuable 
library,  which  had  already  begun  to  suffer  materially  from  the  damp 
in  the  Andersonian  Hall,  it  will  doubtless  conduce  much  to  the 
prosperity  and  activity  of  the  Society  itself  I  for  one  look  forward 
to  the  time  when  the  Philosophiml  Society  of  Glasgow  will  rank  as 
one  of  the  most  important  bodies  in  the  kingdom ;  and  instead  of 
attracting  such  a  small  average  attendance,  I  trust  ere  long  to  see  our 
members  doubled,  and  our  attendance  quadrupled.  Such  a  happy 
state  of  matters  will  bring  about  a  deeper  interest,  not  only  in  the  meet- 
ings themselves,  but  in  the  quality  and  quantity  of  communications 
brought  forward.  The  Philosophical  Society  of  Glasgow  has  always, 
both  at  home  and  abroad,  maintained  a  respectable  reputation,  and 
has  now  amongst  its  corresponding  members  some  of  the  foremost 
men  of  the  day;  but  its  local  influence  has  been  circumscribed  by 
causes  which  are  now  in  a  great  measure  removed;  and  I  feel  confident 
that  the  time  is  at  hand  when  all  who  take  an  interest  in  the  progress 
of  science  in  Glasgow  will  seek  to  become  members.  In  time  past  the 
Secretary  and  Council  have  had  considerable  difficulty  in  arranging 
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papers  for  the  consecutive  meetings,  and  on  some  occasions  have  been 
obliged  to  accept  communications  not  exactly  of  a  class  to  suit  such  a 
Society ;  but  with  our  increased  numbers,  which  I  trust  will  be  the 
result  of  the  present  movement,  there  will  doubtless  be  an  influx  of 
enex^  and  talent  sufficient  for  any  emergency.  Independent  of  this, 
the  Council  have  for  some  years  past  had  under  anxious  consideration 
the  propriety  of  submitting  to  the  Society  occasionaUy  lectures  by 
learned  and  scientific  men,  to  which  the  public  generally,  by  the 
permission  of  the  Society,  might  have  access.  This  scheme  was 
followed  out  to  a  certain  extent  in  a  course  of  lectures  delivered  by 
Mr.  John  Zephaniah  Bell,  of  London ;  but  whether  the  subject  was 
unfitted  to  the  tastes  of  the  Society  and  the  public  generally,  or  that 
the  time  had  not  arrived  when  such  a  movement  could  be  thoroughly 
appreciated,  it  would  be  difficulty  to  determine.  Suffice  it  that  the 
scheme  did  not  succeed,  and  a  loss  resulted,  which  was  defrayed  by  the 
members  of  Council  In  time  to  come,  however,  it  is  to  be  hoped 
that,  with  an  increased  membership  and  ample  accommodation,  com- 
bined with  the  admirable  situation  of  our  new  lecture  hall,  should 
the  Society  determine  on  following  out  to  a  certain  extent  such  a 
system  as  that  adopted  by  the  Edinburgh  Philosophical  Institution, 
doubtless  much  good  would  result,  and  the  operations  of  the  Society 
would  be  much  enhanced,  and  consequently  more  generally  ap- 
preciated. 

It  is  well  known  to  you  all  that  for  two  or  three  years  past  your 
President  and  Council  have  been  unremitting  in  their  endeavoun 
to  obtain  from  the  Lord  Provost  and  Town  Council  of  Glasgow 
the  interest  upon  a  sum  of  money,  amounting  to  nearly  XI, 000, 
being  the  profits,  with  accumulated  interest,  resulting  from  an 
exhibition  conducted  by  this  Society,  which  took  place  in  the 
year  1846.  This  sum  of  money,  as  you  are  aware,  was  intended 
to  be  applied  to  the  support  of  future  exhibitions  of  a  similar 
nature;  but  during  the  last  eighteen  years  so  much  has  been  done 
in  this  way,  and  the  public  generally  has  been  so  satiated  with 
exhibitions,  that  it  was  thought  some  better  purpose  might  be 
served  by  the  application  of  this  money.  In  the  opinion  of  the 
Council  the  sum  clearly  effeired  to  the  Society,  if  not  used  for 
the  above  specified  purpose;  and  after  many  interviews,  extending 
over  three  years,  with  the  former  and  present  Lord  Provost,  it  was 
finally  arranged  that  the  interest  should  be  devoted  to  meet  a  portion 
of  the  increased  rental  appertaining  to  our  present  accommodation, 
on  the  condition  that  the  Society  should  give  countenance  and 
support  to  a  museum  of  patent  inventions,   such  museum  to  be 


4  Philosophical  Society  of  Glasgow. 

coutained  in  a  hall  set  apart  for  the  purjwse;  and  also  that,  under 
certain  restrictions,  reading  tickets,  giving  access  for  consultation  to 
our  library,  should  be  issued  by  the  Council  oi  the  Society,  and  the 
Lord  Provost,  and  certain  members  of  the  Town  Council  equally. 
This  arrangement  seemed  most  satisfactory  to  your  Council,  and  was 
last  year  on  more  than  one  occasion  brought  prominently  before  the 
Society,  and  finally  adopted.  It  remains  to  be  seen  how  far  this 
concession  will  be  taken  advantage  of;  and  it  is  sincerely  to  be  hoped 
that  the  class  of  students  for  whom  the  privilege  was  intended — 
namely,  young  men  having  no  means  of  either  reading  or  consulting 
such  books  as  are  to  be  found  in  the  Philosophical  Library — may 
take  full  advantage  of  an  arrangement  so  satisfactory  and  liberal. 

When  we  look  to  the  I'apid  progress  of  this  great  community 
in  every  department  of  practical  science,  and  to  the  energy  dis- 
played in  promoting  that  educational  advancement,  which  has 
been  shown,  for  example,  during  the  last  seven  or  eight  years, 
by  the  growing  feeling  for  Art,  fostered  by  our  annual  exhibitions, 
it  is  to  be  hoped  that  the  facilities  granted  to  the  rising  generation, 
by  admission  to  a  library  containing  such  valuable  stores  of  informa- 
tion as  that  belonging  to  this  Society,  will  do  much  towards  the 
encouragement  of  those  young  men  to  whom  we  look  forward  as  the 
bone  and  sinew  of  our  future  manufacturers  and  merchants.  The 
ample  accommodation  afforded  in  our  new  premises  will  also  prove  a 
new  attraction  to  our  own  members;  and  I  feel  confident  that,  instead 
of  finding  one  or  two  solitary  individuals  frequenting  the  room, 
which,  indeed,  is  seldom  even  the  case,  the  library  will  be  taken 
advantage  of  as  a  means  of  relaxation  by  a  great  proportion  of  the 
members.  I  cannot  too  strongly  recommend  to  the  members  of  the 
Society  to  avail  themselves  of  our  varied  and  comprehensive  collection 
of  books  and  periodicals;  for,  on  comparing  it  with  other  libraries  of 
a  similar  nature,  I  much  doubt  if  in  the  kingdom  there  is  one 
combining  so  much  that  is  valuable  in  every  department  of  science. 
The  Society  owes  a  deep  debt  of  gi*atitude  to  our  present  Librarian, 
who  not  only  has  unselfishly  devoted  much  time  to  the  arrangement 
and  classification  of  the  collection,  and  to  the  completion  of  parts  of 
it  that  were  imperfect,  but  has,  by  his  active  communication  with 
numerous  foreign  Societies,  obtained  their  consent  to  exchange 
Transactions  with  ours,  and  has  thus  brought  the  library  into  a 
state  of  completeness  and  order. 

In  a  Society  constituted  as  this  has  been,  and  depending  very  much 
upon  the  energies  of  the  officials,  and  those  having  superintendence  of 
the  management,  we  cannot  be  too  grateful  to  a  gentleman  who  has 
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for  many  years  filled  the  office  of  Secretary,  and  without  whose  aid, 
given,  as  it  has  always  been,  energetically  and  disinterestedly,  the 
Society  would  on  many  occasions  have  been  without  papers  or  com- 
munications. I  have  personally  to  thank  him  for  his  kindly  and 
active  co-operation  during  my  term  of  office  on  all  points  connected 
with  the  business  of  the  Society. 

In  seeking  for  a  subject  to  form  the  basis  of  my  address  to  you 
this  evening,  I  thought  it  might  be  acceptable  to  review  succinctly 
the  history  of  the  Society,  and  so  far  to  give  a  digest  of  its  operations 
from  the  commencement;  but  I  find  that  in  the  session  of  1857,  Mr. 
Keddie  took  up  this  subject,  and  did  ample  justice  to  it.  At  the 
same  time,  I  think  it  will  not  be  out  of  place  to  make  some  allusion 
to  the  various  distinguished  men  who  have  been  members,  and  who 
have  held  the  office  of  President,  and  who  alike  have  been  an 
honour  to  Glasgow  and  your  Society. 

In  November,  1802,  the  Philosophical  Society  was  constituted,  and 
elected  for  its  President  Dr.  William  Meikleham,  who  afterwards 
became  Professor  of  Natural  Philosophy  in  the  University  of  Glas- 
gow. The  membership  at  first  amounted  to  sixty,  and  the  meetings 
were  held  in  the  Assembly  Rooms,  but  were  shortly  removed  to  the 
Surgeons*  Hall,  St.  Enoch  Square.  Amongst  the  more  prominent 
members  we  may  mention  Mr.  David  Hamilton,  Architect  of  the 
Royal  Exchange;  Dr.  George  Birkbeck,  Professor  of  Natural  Philo- 
sophy and  Chemistry  in  the  Andersonian  Institution;  Mr.  David 
Mushet;  Mr.  George  Macintosh,  of  Patent  Double  Waterproof  fabric 
notoriety;  Mr.  John  Napier  and  Mr.  Robert  Napier;  Mr.  James 
Dunlop,  of  Clyde  Iron  Works;  Mr.  Henry  Houldsworth;  Mr.  . 
Charles  Tennant,  founder  of  the  St.  RoUox  Chemical  Works;  Mr. 
Matthew  Park,  father  of  the  late  Mr.  Patrick  Park ;  Dr.  Corkindale ; 
Dr.  Andrew  Ure,  author  of  the  Dictionary  of  Arts  and  Manufactures; 
and  Dr.  James  Watt  Subsequently  the  great  proportion  of  the  men 
who  have  left  a  name  and  reputation,  and  held  prominent  positions 
in  Glasgow,  became  members;  and  when  we  take  into  consideration 
that  such  men  as  Dr.  Thomas  Thomson,  Mr.  Graham,  the  Master  of 
the  Mint,  Dr.  Allen  Thomson,  Professor  Anderson,  Sir  William 
Thomson,  Mr.  Crum,  Dr.  W.  J.  Macquorn  Rankine,  and  our  late 
lamented  Professor  Rogers,  held  the  President's  Chair,  it  cannot  but 
appear  that  this  Society  has  been  a  means  of  fostering  and  bringing 
to  light  much  that  has  rendered  Glasgow  one  of  the  foremost  cities 
in  the  kingdom.  Amongst  the  early  hard  workers,  we  find  the 
Messrs.    Hart,  Dr.  Alexander  Watt,    Mr.    Lumsden,   Mr.    Robert 
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Hastie,  Mr.  Andrew  Liddell,  who,  along  with  Mr.  Lumsden,  became 
a  member  in  1818,  Mr.  Robert  Napier,  and  Mr.  Beaumont  Neilson. 
We  must  not  forget  Mr.  Andrew  Smith,  of  Mauchline,  and  Mr. 
Boag,  and  our  late  lamented  Chamberlain,  Dr.  Strang.  Most,  if  not 
all,  of  these  have  now  passed  away,  but  one  and  all  have  left  their 
mark  on  the  city.  I  might  go  much  farther  in  reverting  to  this 
subject;  but  I  feel  it  would  be  treading  upon  what  has  been  so  well 
done  by  our  respected  Secretary. 

The  papers  during  all  these  years  comprised  much  that  is  deeply 
interesting ;  and  it  is  really  refreshing  to  go  back  upon  the  Transactions^ 
and  see  how  much  energy  was  displayed  by  the  early  members,  not 
only  in  their  essays,  but  in  the  subsequent  discussions. 

The  Society,  although  keeping  its  place  numerically  for  the  last  ten 
years,  has  not  shown  that  activity  and  fruitfulness  in  papers  which 
characterized  its  earlier  history.  This,  as  has  been  shown  before, 
was  much  caused  by  the  steady  movement  westward,  and  the  un- 
willingness of  men  to  leave  their  firesides  and  go  so  far  east  on  a  cold 
winter  evening;  but  now  that  we  are  established  in  what  may  be 
called  a  central  position,  even  in  the  newest  part  of  our  city,  no  such 
excuse  can  be  urged ;  and  I  hope  that  your  coming  President  has  the 
prospect  of  presiding  at  meetings  which  will  include  all  the  best  men, 
both  in  science  and  art,  for  which  Glasgow  is  becoming  famous. 

Among  the  many  questions  which  might  be  discussed  in  a  paper  of 
this  description,  there  is  no  one  more  interesting  to  all  concerned  in 
the  welfare  of  this  country  than  that  of  cheap  dwellings  for  the  poor. 
Innumerable  have  been  the  schemes  devised  for  this  purpose,  and 
much  has  been  done  by  the  sanitary  commissions  appointed  all  over 
the  country,  to  which  the  question  of  cheap  material  is  one  of  vital 
importance.  Mr.  Tall,  of  London,  has  lately  patented  a  process 
which  has  given  rise  to  considerable  discussion  as  to  its  orginality. 
His  object  is  the  use  of  concrete,  which  certainly  cannot  be  original, 
so  far  as  he  is  concerned ;  for  this  material  has  fieen  used  in  all  times 
past  for  building  purposes.  In  South  America,  waUs  60  feet  high 
have  been  discovered,  at  least  200  years  old,  erected  on  the  same 
plan ;  but  it  can  be  of  no  consequence  who  the  inventor  was  originally, 
for  the  plan  is  excellent,  and  durability  simply  depends  on  the 
material  used.  It  may  be  &ir  to  presume  that  the  materials  for  a 
concrete  house  are  economically  and  easily  obtainable — sand  and  gravel, 
or  the  refuse  of  smelting  furnaces,  all  being  applicable.  The  tenants 
of  all  the  houses  which  have  been  erected  on  Mr.  Tail's  principle 
testify  to  the  absolute  diyness  of  the  walls,  whilst  the  cost  is  about 
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one-half  that  of  brickwork.  One  peculiarity  is  that  little  skilled 
labonr  is  required.  Mr.  Godwin,  editor  of  the  Builder^  published  in 
the  Transactions  of  the  Institute  of  British  Architects  an  essay 
containing  yaluable  information  on  this  subject,  mentioning  many 
instances  where  the  ancients  applied  a  mixtore  analogous  to  concrete 
both  for  foundations  and  walls.  He  goes  on  to  state  that  the  fBonous 
fortress  of  Ciudad  Rodrigo  was  built  of  concrete,  sand,  graTel,  lime, 
and  boulders,  and  that  the  marks  of  the  apparatus — ^namely,  parallel 
boards  used  in  moulding — were  still  visible.  The  Romans  and  Nor- 
mans also  were  acquainted  with  a  process  of  a  similar  descriptioiL 
Concrete  building  cannot  well  be  imagined,  therefore,  to  be  a  thing  of 
yesterday ;  but  if  one  were  to  go  into  the  originality  of  all  iuTentions 
having  a  practical  application,  it  would  be  difficult  to  fix  upon  almost 
any  process  as  thoroughly  new.  Mr.'^Tall  has  the  credit  of  applying 
this  process,  whether  original  or  not,  to  the  solution  of  a  great  national 
question. 

The  immense  increase  of  building  operations,  and  the  quantity 
of  bricks  required  for  all  the  enormous  works  which  have  been 
carried  out  for  some  years  past,  necessitatiDg  a  corresponding 
employment  of  bricks  and  bricklayers,  has  almost  doubled  the  price 
of  the  raw  material;  and  Mr.  Tall,  among  others,  turned  his 
mind  to  the  alleviation  of  this  serious  difficulty.  Any  process 
which  diminishes  cost  and  gives  adequate  stability  and  bearing 
power,  will  add  greatly  to  the  facility. of  construction  of  walls, 
fsurm  buildings,  and  labourers'  cottages.  If  we  assume  the  price  of 
bricks  at  20s.  per  thousand,  and  the  wages  of  a  good  bricklayer 
at  from  5s.  to  6s.  per  day,  one  may  form  a  pretty  accurate  estimate 
of  the  value  of  such  a  plan  as  is  proposed  to  be  adopted  by  Mr.  TalL 
The  mixture  is  composed  of  Portland  cement,  brick  rubbish,  or  broken 
stones,  gravel,  sea  shingle,  or,  in  feet,  any  durable  substance.  When 
preparing  to  build,  a  good  foundation  of  concrete  is  laid  in  the  usual 
way,  and  that  being  arranged,  the  framework  or  mould  is  commenced, 
which  is  made  to  screw  or  unscrew  as  required.  Should  a  waU  of 
50  feet  high  and  200  feet  long  be  wanted,  a  framework  is  laid  down 
on  each  side  of  the  foundation  three  feet  thick,  from  side  to  side  of 
the  foundation,  upright  posts  being  placed  resembling  double  rows  of 
scaffold  posts.  On  each  side  planks  are  screwed  to  the  poles,  made  of 
strong,  well-seasoned  timber,  having  the  clear  thickness  of  the  wall 
between  them ;  cross-bars  now  being  fisuitened,  to  keep  all  parallel  and 
solid,  and  spaces  left  for  the  doors  and  windows^  The  framework 
being  10  feet  high  and  20  feet  long,  the  mixture  of  the  materials 
may  now  commence.     To  this  end,  Mr.  Tall  takes  to  every  part  of 
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Portland  cement  eight  parts  of  gravel  These  being  mixed  in  the 
usual  way  by  a  couple  of  men,  the  next  materials  come  to  be  added. 
These  may  consist  of  old  brick  rubbish,  refuse  of  any  description, — 
indeed,  all  such  refuse  as  has  been  hithei*to  carried  away  as  useless. 
When  such  material  cannot  be  procured,  the  refuse  of  stone  quarries, 
sea  shingle,  or  any  other  hard  substance,  will  do  equally  well.  The 
whole  mixture  is  now  amalgamated  by  a  bucket  or  two  of  water  being 
added,  which  two  additional  labourers  pour  between  the  moulds. 
After  working  away  until  the  height  of  the  first  boarding  has  been 
reached,  a  scaffold  of  some  height  giving  additional  facilities  for  the 
materials  falling  with  a  certain  impetus,  an  even  settlement  takes 
place.  No  trowels  are  wanted,  and  no  skilled  work  beyond  that  of 
the  foreman  who  directs  the  erection  of  the  framework.  The  strength 
of  the  wall  is  materially  increased  and  consolidated  by  what  is  called 
punning  or  ramming.  After  this  division  of  the  structure  is  finished, 
the  concrete-mixing  scaffolds  are  earned  higher  up ;  and  additional 
boarding  being  added,  the  wall  is  raised  to  the  top.  Mr.  Tall  states 
that  the  material  sets  in  about  an  hour,  and  that  when  the  framing 
is  taken  away,  the  surface  is  perfectly  smooth,  even,  and  fit  for  either 
painting,  plastering,  or  decorating.  This  part  of  the  arrangement  I 
should  very  much  doubt,  however,  as,  having  tried  the  process  in  a 
large  hot-bed  frame,  I  found  the  time  required  for  setting  to  be  greatly 
longer.  In  arranging  for  the  ends  of  rafters,  as  the  wall  proceeds, 
what  are  called  cores  or  dummy  rafters  are  inserted,  and  built  in  with 
the  concrete.  When  setting  has  taken  place,  the  wedge-key  of  the  core 
is  taken  out,  and  the  wood  extracted,  leaving  the  rafter-bed  all  ready. 
The  roof  may  be  also  formed  of  the  same  material  The  rafters  being 
adjusted,  roofing  boards  an  inch  thick  are  nailed  on,  and  these  being 
covered  with  felt,  the  mixture  is  spread  over  all,  3  inches  thick. 
The  patentee  further  claims,  that,  in  addition  to  their  cheapness,  these 
walls  are  much  stronger  than  the  same  thickness  of  brickwork.  Now 
as  to  cost  The  patentee  built  some  houses  in  Gravesend,  the 
expense  being  at  this  rate: — Brick-kiln  refuse,  costing  £1,  158,; 
gravel  stone,  £1,  Is,;  Portland  cement,  £1,  12«.;  labour,  £1,  168* 
Out  of  this,  and  directed  by  a  mere  carpenter,  were  obtained  sixty 
yards  of  9-inch  thick  wall,  at  2s.  6d,  per  yard;  in  some  places, 
where  the  material  could  be  got  cheaper,  the  cost  would  be  about  2s. 
As  regards  time,  he  gives  one  instance.  On  Monday,  June  22d,  a 
house  was  commenced  in  the  usual  way,  and  on  Saturday,  the  27th, 
the  walls  were  raised  9  feet  6  inches  high.  This  was  equal  to 
laying  14,580  bricks,  and  the  whole  was  done  in  forty- three  working 
hours  by  two  labourers  and  a  lad.     The  labour  should  be  paid  for  at 
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the  rate  of  6d  for  every  superficial  yard  of  a  9-inch  thick  wall; 
and  by  the  time  the  houses  are  ready  for  the  roof  the  walls  will  have 
cost  in  workmanship,  £1,  5s.  9d.;  whilst,  to  represent  the  same 
quantity  of  wall,  29,160  bricks  would  be  used. 

Mr.  Tall  slightly  goes  beyond  the  point  when  he  says  that  no 
skilled  labour  is  required ;  for  sufficient  skill  should  be  used  in  order 
to  secure  that  precision  which  is  necessary  for  stability.  Such 
materials,  thrown  together  in  heaps,  cannot  be  altogether  lefl  to 
arrange  themselves;  and  although  great  skill  may  not  always  be  re- 
quired, it  cannot  be  altogether  dispensed  with.  It  will  be  interesting 
to  witness  the  further  development  of  Mr.  Tail's  principle,  as  it  appears 
to  possess  the  elements  requisite  to  ensure  soundness,  solidity,  strength, 
and  durability,  in  whatever  structure  it  may  be  applied  to.  Brick- 
building,  thoroughly  well  carried  out,  combines  everything  that 
strength  and  finish  require ;  but  any  systematic  method  of  utilizing 
such  mixtures,  if  scientifically  and  practically  employed,  will  be  of  in- 
estimable use  in  an  economic  point  of  view. 

While  on  the  subject  of  concrete,  I  should  wish  to  say  a  few  words 
upon  a  patented  process  adopted  by  Mr.  Kansome.  About  the  year 
1844  he  directed  his  attention  to  this  subject,  and  after  many  experi- 
ments, in  1861,  he  discovered  a  process  which  is  distinguished  alike 
for  its  simplicity  and  scientific  beauty.  Mr.  Eansome's  artificial 
stone  consists  of  particles  of  sand  mixed  sometimes  with  powdered 
limestone,  agglomerated  into  a  solid  mass  by  a  silicate  of  lime;  and  it  is 
the  mode  by  which  this  silicate  is  produced  within  the  mass  which 
forms  the  peculiarity  of  the  process.  This  is  carried  out  by  mixing 
the  particles  of  sand  with  a  viscid  solution,  the  pasty  mass  thus 
produced  being  pressed  into  the  required  form,  and  then  treated  with 
a  solution  of  chloride  of  calcium.  On  the  latter  solution  being 
applied,  the  silicic  acid  and  the  oxygen  of  the  silicate  of  soda  combine 
with  the  calcium  of  the  chloride  of  calcium,  and  form  silicate  of  lime; 
whilst  the  chlorine  of  the  chloride  of  calcium  unites  with  the  sodium, 
and  formij  chloride  of  sodium,  or  common  salt,  which  is  subsequently 
removed  by  washing.  One  of  the  most  peculiar  parts  of  Mr.  Eansome's 
discovery  was  a  new  mode  of  manufacturing  the  silicate  of  soda  at  a 
reasonable  rate.  This  consisted  in  his  boiling  flints  in  a  solution  of 
caustic  soda  under  pressure.  The  results  were  most  astonishing.  When 
flints  are  boiled  in  an  open  vessel  with  caustic  solution,  even  for  da3rs, 
an  exceedingly  weak  solution  of  silicate  of  soda  is  got;  but  when  the 
process  was  conducted  in  a  closed  vessel,  under  a  pressure  of  60 
lbs.  to  the  square  inch,  even  solid  flints  dissolved  rapidly,  the 
result  being  a  viscid  solution  of  silicate  of  soda.     This  in  itself,  in- 
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dependently  of  its  application  to  Mr.  Bansome's  process,  was  a  dis- 
covery of  some  importance.     Mr.  Eansome's  works  are  situated  at 
East  Greenwich,  and  lie  readily  procures  all  the  material  required, 
within  a  short  distance.     The  first  thing  he  does  is  to  thoroughly  dry 
the  sand ;  and  this  is  done  by  placing  it  in  a  revolving  sheet-iron 
cylinder,  through  which  a  current  of  hot  air  is  forced.     As  the  sand 
requires  to  be  very  fine,  it  is  ground  into  an  impalpable  powder,  the 
same  apparatus  being  used  for  grinding  the  limestone  which  is  one  of 
the  constituents  of  the  artificial  stone.     The  ground  sand  and  lime- 
stone are  now  mixed  with  the  solution  of  silicate  of  soda,  which  is 
done  in  a  machine  resembling  a  loam  mill,  which  has  the  effect  of 
kneading  the  whole  together  into  a  thoroughly  homogeneous  mass,  the 
process  occupying  about  three  minutes.     The  solid  materials  and  soda 
are  mixed  in  the  proportions  of  about  2^  bushels  of  the  former  to 
1  gallon  of  the  latter.     This,  however,  is  varied  according  to  circum- 
stances.    The  result  of  this  operation  is  a  plastic  substance  fit  to  be 
moulded,  the  moulds  being  formed  of  wood  and  iron.     The  moulds 
are  oiled,  and  the  material  is  carefully  inserted,  so  as  to  form  a  compact 
mass.    From  this  material  Mr.  Kansome  makes  mantel-pieces,  corbels, 
balustrades,  and  all  those  sorts  of  designs  which,  when  carved  by  the  hand, 
involve  a  vast  expenditure  of  time  and  labour.     Grindstones  made  of 
this  substance  are  also  in  high  repute,  and  form  an  important  practical 
result  of  this  manufacture.     When  the  moulding  has  been  finished, 
they  are  hardened  by  being  subjected  to  a  solution  of  the  chloride  of 
calcium.    This  in  a  few  minutes  renders  the  substance  so  hard  that  it 
can  be  moved  and  handled.     The  solution  is  forced  into  the  substance 
by  pressure,  and  the  sediment  afterwards  removed  by  repeated  wash- 
ings.    After  this  process  the  stones  are  immersed  in  a  bath  of  the 
same  solution,  heated  to  about  212°  by  means  of  steam  pipes,  the 
object  being  the  thorough  expulsion  of  the  air,  and  also,  possibly,  to 
increase  the  energy  of  the  chemical  action  between  the  silicate  and 
the  chloride. 

All  articles  manufactui'ed  by  Mr.  Kansome's  process  are  characterized 
by  their  sharpness  of  outline  and  general  beauty  of  finish.  The  colour 
can  be  varied,  but  naturally  it  is  uniform.  Mr.  Eansome  carries 
on  an  extensive  business  all  over  the  world,  and  has  thoroughly 
established  the  reputation  of  his  products;  and  it  is  gratifying  to  know 
that  he  is  now  earning  the  reward  of  his  persevering  labour. 

I  may  add  that  the  Bombay  Government^  having  become  convinced 
of  the  advantages  of  this  plan,  have  determined  to'  erect  works,  and 
have  devoted  a  sum  of  money  for  this  purpose.  It  is  a  well-known 
fact  that  many  districts  in  India  are  almost  entirely  unprovided  with 


President's  A  ddress.  1 1 

suitable  stones  for  boildiug  purposes;  and  even  where  stone  does 
exist,  the  expense  of  ornamental  work  would  be  much  greater.  As 
explained  before,  the  plant  is  very  simple;  and  all  the  material 
required,  with  the  exception  of  the  caustic  soda  for  preparing  the 
silicate  of  soda,  and  the  crude  hydrochloric  acid  for  the  chloride  of 
calcium,  are  obtainable  in  almost  every  part  of  India,  Native 
labour  could  also  be  advantageously  employed.  Mr.  Kansome  has 
lately  manufactured  two  screens,  of  a  most  elaborate  and  beautiful 
nature,  for  the  new  India  office,  each  screen  being  42  feet  long 
and  about  7  feet  high  in  the  centre.  They  are  of  course  formed  of 
a  number  of  pieces,  but  so  beautifully  put  together  that  no  joints  are 
perceptible.  The  colour  is  excellent  and  uniform.  These  are  highly 
creditable  to  Mr.  Kansome  as  specimens  of  his  scientific  process. 

Much  interest  has  lately  been  evinced  in  a  new  material,  which 
in  effect  lessens  the  danger  arising  from  blasting  agents  hitherto 
employed,  more  especially  nitroglycerine,  from  whose  easily  explosible 
nature  great  danger  to  human  life  has  always  resulted,  not  only  in  its 
storage,  but  its  use.  Dynamite,  which  is  the  name  of  the  new  com- 
bination, consists  of  75  per  cent,  of  nitroglycerine  and  25  per  cent,  of 
porous  silica.  Apparently  a  loss  of  power  would  be  the  result  of  this 
combination,  but  practically  this  does  not  seem  to  be  the  case.  One 
difficulty  of  using  nitroglycerine  alone  is,  that  it  cannot  with  safety  be 
poured  into  the  bore-hole,  as  it  easily  explodes  under  pressure.  The 
practice,  therefore,  is  to  place  it  in  cartridges,  causing  considerable 
windage,  whereas  dynamite,  being  somewhat  pasty,  yields  to  pressure 
without  danger,  so  as  to  fill  up  the  sides  of  the  bore-hole.  Thus  a 
given  height  of  dynamite-charge  in  a  hole  contains  nearly  the  same 
quantity  of  nitroglycerine  as  when  used  in  its  pure  state.  In  testing 
this  material,  one  of  the  experiments,  quoted  in  a  paper  written  by 
Mr.  A.  Nobel,  the  inventor,  is  thus  described : — A  block  of  iron  11 
inches  in  diameter  and  12  inches  in  height,  composed  of  best 
scrap,  was  used;  a  bore-hole  through  the  centre  was  made  of  1  inch, 
and  a  charge  of  6  ounces  was  put  in,  without  securing  either  end 
with  any  sort  of  plug.  This  experiment  was  carried  out  at 
Merstham,  on  the  14th  of  July,  1868,  in  the  presence  of  numerous 
spectators.  Allowing  for  the  bore-hole,  and  giving  the  tensile 
strength  of  the  iron  at  20  tons  per  square  inch,  the  strain  neces- 
sary to  effect  the  rupture  would  be  equal  to  2,400  tons.  Besides 
blasting  this  cylinder,  one-half  was  hurled  with  such  violence 
against  a  |th-inch  boiler-plate  as  to  fracture  it.  Such  being  its 
power  upon  iron,  its  efficacy  upon  stone  blasting  coidd  not  be  doubted. 


12  PhUosophiccd  Society  of  Glasgow, 

He  goes  on  to  state,  as  a  proof  of  its  safety,  that  a  box  containing 
8  lbs.  of  djnamite,  equal  in  power  to  80  lbs.  of  gunpowder,  was 
placed  over  a  fire,  where  it  slowly  burned  away;  another  box,  with 
the  same  quantity,  was  hurled  from  60  feet  high  upon  a  rock,  and 
no  explosion  resulted  from  the  concussion.  Such  results  would 
almost  ensure  absolute  safety  from  this  material.  At  Stockholm 
some  experiments  have  been  lately  made,  putting  it  even  to  more 
severe  tests.  A  weight  of  200  lbs.  was  dropped  from  a  height  of 
20  feet  on  a  box  containing  dynamite,  without  an  explosion  taking 
place.  Such  tests  prove  its  safety  against  concussion,  in  which  consists 
the  danger  of  nitroglycerine.  The  practical  difficulties  of  conveying 
nitroglycerine  have  been  very  much  owing  to  leakage,  which,  from 
its  liquid  state,  is  difficult  to  avoid ;  and  especially  in  exporting  it  to 
hot  climates,  under  exposure  to  the  sun's  rays,  when  the  slightest 
blow  will  cause  explosion.  All  this  is  siifficient  to  show  the  impor- 
tance of  making  a  non-explosive  solid,  which  dynamite  is  fully  proved 
to  be.  Besides  this  security,  its  transportation  and  storage  are  ren- 
dered almost  absolutely  safe.  Dynamite  is  now  generally  sold  in 
ready-made  cartridges;  and  the  workman  has  simply  to  put  one  into 
his  bore-hole,  and  fire.  Nitroglycerine,  apart  from  its  danger  to 
the  miner,  proved  a  great  boon,  seeing  that  its  explosive  power  was 
ten  times  greater  than  the  same  bulk  of  gunpowder,  and  therefore 
the  number  of  bore-holes  could  be  much  reduced.  The  feeling  among 
workmen  generally  being,  that  they  would  use  nitroglycerine  even 
if  gunpowder  could  be  got  for  nothing,  so  much  the  more  will  this 
rule  hold,  when  in  dynamite  they  have  a  oombination  of  materials 
absolutely  safe,  and  possessing  the  same  explosive  power.  Dynamite 
resembles  coarse,  dark-brown  sand ;  and,  as  before  explained,  the  causes 
which  render  gunpowder  and  nitroglycerine  so  dangerous  to  handle 
have  no  effect  upon  this  substance.  Nitroglycerine  explodes  at 
240°  of  Fahr.,  gun-cotton  at  400°,  gunpowder  at  600**;  but  the  tem- 
perature necessary  to  ignite  d3mamite  must  be  placed  somewhere 
between  UOO**  and  3280°— a  common  fire  being  only  1200**. 

In  my  address  last  session  I  partially  took  up  the  subject  of 
petroleum,  as  regards  its  applicability  to  marine  and  other  purposes. 
Since  then  much  has  been  written,  but  little  more  adduced,  in  proof 
of  its  use  as  an  economic  power ;  and,  so  far  as  can  be  ascertained, 
there  is  no  application  of  it  so  simple  as  that  now  worked  by  Messrs. 
Geo.  Miller  and  Co.,  Kumford  Street,  Glasgow,  by  which  everything 
is  consumed)  and  the  utmost  power  obtained.  Several  methods  for 
effecting  the  same  purpose  are  at  present  in  use,  each  inventor  being 
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so  far  successful;  but  the  most  important  point — that  relating  to  its 
adoption  in  steamships — is  now  and  has  been  the  great  object  towards 
which  all  are  working.  Mr.  Dorset,  of  London,  has  lately  brought 
out  an  application  which  promises  to  be  useful.  The  principle  differs 
from  most  others  in  that  the  fuel  is  used  in  a  boiling  condition,  its 
vapour  being  utilized  under  the  steam  boiler.  For  this  purpose  a 
small  auxiliary  boiler  is  placed  beside  the  furnace  proper,  which  is 
filled  with  creosote.  A  fire  being  started  under  the  small  boiler, 
when  the  vapour  begins  to  rise,  it  is  conveyed  by  a  down  pipe  from 
the  top  of  the  boiler  into  the  furnace,  and  continues  the  work  com- 
menced by  a  coal  fire.  Another  pipe  from  the  top  of  the  small  boiler 
is  now  carried  into  the  furnace  of  the  steam  boiler,  which  it  traverses, 
and  returns  to  the  furnace  door.  The  pii)e  inside  the  furnace  is 
perforated  at  wide  distances,  and  through  these  perforations  the  gas 
issues,  and  is  burnt  beneath  the  steam  boiler.  Mr.  Dorset  is  about 
to  apply  this  process  on  board  of  a  large  river  steamer;  and  it  will  be 
interesting  to  look  forward  to  the  results.  He  states  that  the 
economic  advantages  are  very  great — ^viz.,  that  120  gallons  of  creosote, 
at  Id,  a  gallon,  will  do  the  work  of  2^  tons  of  Welsh  steam  coal,  at 
17«.  6d,  per  ton.  Such  a  use  for  creosote  would  of  course  materially 
enhance  its  value ;  but  under  any  circumstances  a  large  margin  would 
still  be  left.  Messrs.  Wise,  Field,  and  Aydon  have  devoted  much 
time  and  money  to  the  elucidation  of  this  question,  and  have  patented 
a  peculiar  process  for  the  burning  of  petroleum  and  other  liquid 
hydrocarbons  in  steam  boilers  and  other  furnaces.  I  shall  not  take 
up  your  time  by  describing  all  the  different  appamtus  by  which  they 
carry  out  their  plans,  but  state  so  far  how  they  propose  to  gain  a 
saving.  At  Mr.  Barnes's  Chemical  Factory  at  Hackney  Wick,  where 
their  apparatus  was  practically  tested,  15,240  lbs.  of  water  have  been 
evaporated  in  five  hours  in  one  of  the  boilers,  by  the  consumption  of 
800  lbs,  of  oil,  or  an  evaporation  of  19  lbs.  of  water  per  lb.  of  oil. 
Taking  into  consideration  that  the  pressure  at  which  the  boiler  is 
worked  is  2S  lbs.,  and  that  the  temperature  of  the  feed-water  was 
667°,  this  performance  was  equivalent  to  the  evaporation  at  atmos- 
pheric pressure,  with  a  temperature  of  212°,  of  22  lbs.  of  water  per  lb. 
of  oil  burnt  The  fuel  used  by  them  is  the  waste  product  left  fi'om 
coal  tar,  after  the  removal  by  distillation  of  the  naphtha  and  light  oils. 
It  weighs  about  65  lbs.  per  cubic  foot,  and  has  hitherto  been  a  refuse. 
The  great  question  as  to  what  extent  liquid  fuels  can  be  economically 
substituted  for  coal  is  very  difficult  of  solution;  in  fact,  from  the 
present  state  of  knowledge,  it  is  impossible  to  give  a  precise  answer ; 
and  in  many  districts  where  a   supply  could  be  easily  obtained. 
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the  question  would  be  of  course  much  more  readily  solved  than  in 
others  where  such  products  are  not  so  attainable.  In  the  case  of  the 
application  of  liquid  fnel  being  applied  to  steam  ships,  and  particu- 
larly to  war  vessels  or  steam  yachts,  the  power  of  carrying  fuel  for 
almost  an  unlimited  number  of  days*  consumption  would  quite 
outweigh  all  question  of  cost.  In  hot  climates  the  adoption  of  such  fuel 
would  add  much  to  the  comfort  of  stokers  and  others  ei&ployed,  as  it 
would  be  comparatively  easy  to  maintain  a  moderate  temperature 
at  the  stoke-hole.  Another  important  point  which  emerges  from  the 
experiment  is,  that  more  work  can  be  got  out  of  any  given  boiler  than 
when  worked  by  solid  fuel. 

The  question  of  utilization  of  sewage,  the  most  important  in 
this  age  of  progress,  seems  as  yet  to  be  under  a  cloud ;  for  of  all  the 
many  schemes  propounded  for  the  cleansing  of  such  rivers  as  the 
Clyde,  and  others  of  a  similar  description,  no  definite  economic  or 
simple  plan  has  yet  been  adopted.  The  nearest  approach  to  some- 
thing like  a  system  is  that  for  the  utilization  of  the  Thames  sewage. 
Mr.  Bazalgette,  who  has  lately  reported  upon  the  Clyde  sewage, 
gives  some  interesting  notes  upon  this  subject,  under  the  title,  "  The 
Thames  Embankment."  Some  facts  may  be  selected  as  beaiing  on 
this  subject.  The  first  propounders  of  this  great  scheme  were  Sir 
Frederick  Trench  and  Mr.  Martin,  the  painter.  Subsequently 
Mr.  James  Walker  gave  plans,  as  well  as  others;  but  the  latter 
gentleman  carried  the  day,  and  his  scheme  received  the  sanction  of 
Parliament  in  18G2.  This  was  for  the  north  side  of  the  Thames;  but 
in  1863  the  Metropolitan  Board  of  Works  got  an  Act  for  the  embank- 
ment of  the  south  side.  As  now  constructed,  the  embankments  on 
both  sides  of  the  river  are  entirely  original,  having  been  prepared 
under  the  auspices  of  the  Board  by  their  own  eqgineer.  The  works  for 
the  north  side  were  commenced  in  1864,  and  the  south  in  1865. 
The  northern  embankment,  as  now  finished,  is  6,640  feet,  and  the  cost 
by  tender,  £875,000.  The  southern  is  5,000  by  60  feet  wide,  and 
the  cost,  £309,000.  The  whole  aspect  of  this  part  of  London  is 
changed  by  these  magnificent  works,  and,  standing  on  the  new  bridge 
at  Westminster,  the  efifect  is  almost  magical;  for  instead  of  the  mud 
banks  and  ruinous-looking  warehouses,  with  five  and  six  tiers  of  coal- 
barges,  the  eye  now  rests  upon  a  splendid  roadway,  covered  with  a 
thronging  multitude,  rushing  hither  and  thither,  interspersed  with 
gaily-dressed  parties  drawn  from  all  quarters  of  the  globe.  And  when 
all  is  finished,  there  will  be  no  undertaking  in  Europe,  or  in  fact  any- 
where, to  equal  these  works.     The  footway  on  the  northern  embank- 


President's  Address,  15 

ment,  when  finished,  including  the  roadway,  will  be  100  feet  wide. 
Under  this,  for  a  considerable  distance,  will  run  the  Metropolitan 
Railway. 

In  carrying  out  these  operations  37  acres  of  land  have  been  re- 
claimed,  which  it  is  intended  to  lay  out  in  approaches,  ornamental 
grounds, and  gardens;  and  connected  with  these  embankments,  a  system 
of  sewers  haa  been  arranged,  to  remove  the  sewage  by  gravitation. 
It  would  take  too  much  time  to  go  into  all  the  particulars  of  this 
vast  scheme,  which  in  effect  has  done  much  to  purify  the  Thames ; 
but  one  or  two  &cts  may  be  mentioned,  of  an  interesting  nature. 
As  the  sewage  is  carried  10  or  12  miles,  gravitation  cannot  altogether 
be  applied ;  therefore,  at  certain  points,  there  are  pumpiug  stations, 
two  for  each  side.  On  the  north,  the  largest  is  the  Abbey  Mills, 
near  Bow,  for  the  north-east  district  of  London,  and  is  driven  by  an 
engine  of  1,140  horse-power.  This  eugine  lifts  the  sewage  of  Acton, 
Hammersmith,  Fulham,  Shepherd's  Bush,  Kensington,  Kennington, 
Brompton,  Pimlico,  Westminster,  the  City,  <kc.,  <fec. — in  fact,  a 
space  representing  an  area  of  25  square  miles — to  a  height  of  36  feet, 
from  the  low  to  the  high  level  sewers;  thence  it  flows  on  by  the 
side  of  the  high  level  gravitating  sewers  to  the  northern  or  Barking 
outfall.  The  station  itself  covers  7  acres,  divided  by  the  northern 
level  outfall  sewer,  which  crosses  diagonally,  raised  upon  an  embank- 
ment 17  feet  above  the  surface.  It  is  intended  to  make  another 
station  at  Pimlico  of  240  horse-power,  to  meet  that  portion  of  the 
low  level  sewer  which  is  to  be  constructed  under  the  embankment  at 
Chelsea.  On  the  south  side,  two  stations  are  now  existing,  worked 
by  engines  respectively  500  horse-power — one  at  Deptford  Creek, 
and  the  other  at  the  outfall  at  Crossness.  The  utilization  of  a  portion 
of  this  sewage  has  so  far  been  carried  out  and  successfully  applied  for 
the  irrigation  of  a  farm  of  250  acres  at  Barking,  where  grass,  roots, 
and  fruit  have  been  raised  in  great  abundance ;  and  the  time,  it  is 
to  be  hoped,  is  not  far  distant  when  the  total  sewage  may  be  so  used 
as  to  go  far  to  supply  the  wants  of  the  London  markets. 

The  evidence  goes  on  to  show  that  in  this  way  sewage  may 
be  profitably  employed  and  utilized ;  and  a  very  important  point 
has  been  found — namely,  that  the  sewage  carried  away  by  the  inter- 
cepting sewers  and  ebbing  tide  never  returns,  and  consequently  an 
incalculable  benefit  to  London  is  the  result.  Even  during  all  the 
heat  of  last  summer  the  waters  of  the  Thames  have  been  almost 
entirely  free  from  smell;  and  the  removal  of  the  offensive  banks, 
saturated  with  sewage,  is  productive  of  a  much  more  healthy  state 
of  matters. 
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"  Utilization  of  Sewage. — The  report  of  the  sewage  irrigation  ex- 
periments made  at  the  Lodge  Farm,  Barking,  by  the  Metropolitan 
Sewage  and  Essex  Reclamation  Company,  for  the  year  ending  August 
81,  has  just  been  presented  to  the  directors  by  the  manager.  The 
demand  for  the  rye-grass,  to  the  growth  of  which  one-fourth  of  the 
acreage  is  devoted,  now  exceeds  the  supply,  as  its  value  is  beginning  to 
be  appreciated.  That  its  use  in  cattle-feeding  is  most  satisfactory  may 
be  gathered  from  the  fact  that  two  young  steers,  fed  exclusively  on  the 
sewage-grown  grass  since  May  18,  had  increased  in  weight  by  August  7 
from  6  cwt.  and  7}  cwt.  to  7^  cwt.  and  9^^  cwt.  respectively.  Experi- 
ments of  a  very  interesting  character  are  detailed,  illustrative  of  the 
remarkable  fertilizing  power  of  the  sewage  on  land  of  the  poorest  and 
most  sterile  nature.  And  whereas  it  used  to  be  one  of  the  strong  points 
urged  against  sewage  irrigation,  that  it  was  good  for  nothing  but  the 
growth  of  rye-grass,  the  manager  of  the  Lodge  Farm  is  able  to  speak 
now  of  wheat,  rye,  oats,  mangold,  cabbage,  turnips,  sugar-beet,  parsnips, 
potatoes,  &c.,  all  yielding  most  prolific  crops  from  poor  land  receiving 
no  other  manure  than  the  sewage.  It  is  confidently  asserted  that  no 
amount  of  ordinary  manure  could  produce  six  or  seven  crops  of  grass  a 
season,  weighing  from  6  to  12  tons  each.  In  the  case  of  mangold,  also, 
the  knowledge  that  two  dressings  or  floodings  of  sewage,  consisting  of 
from  200  to  300  tons  per  acre  each,  is  capable  of  producing  a  crop  of 
from  50  to  60  tons  per  acre,  enables  a  comparison  to  be  drawn  with  the 
ordinary  crop,  of  from  20  to  25  tons,  produced  with  a  good  dressing  of 
farm-yard  dung.  The  crop  of  wheat  grown  last  year  without  any 
manure  was  about  3 J  qrs.  to  the  acre;  this  year  the  yield  with  sewage 
was  5J  qrs.  Not  more  than  l-350th  of  the  whole  of  the  sewage  of 
North  London  is  used  on  the  Lodge  Farm  in  a  year;  and  as  the  results 
are  so  triumphantly  successful,  it  may  be  hoped  that  the  farmers  of 
South  Essex  will  begin  to  avail  themselves  of  the  means  offered  to  them 
by  the  company  for  enriching  their  land  with  the  valuable  fertilizing 
stream  which  at  present  passes  away  in  waste  to  the  ocean.** — The 
Lancet. 

It  has  lately  been  a  matter  of  some  concern  that  the  unused  sewage 
deposit  is  collecting  below  Barking,  and  making  quite  a  bank;  but, 
as  the  scheme  widens  out,  and  the  farmers  generally  take  up  the 
question  of  irrigation,  this  evil  will  be  amended  if  not  cured. 

Messrs.  Bateman  and  BazaJgette,  of  London,  have  lately  issued  a 
very  elaborate  report  for  the  purification  of  the  river  Clyde,  which 
is  so  fJEu:.  exhaustive  of  the  subject,  and  it  may  be  well  to  notice  shortly 
their  proposed  scheme. 

In  preparing  their  report,  a  very  interesting  description  is  given 
of  the  schemes  propounded  by  Mr.  Gale,  Mr.  Michael  Scott,  Mr. 
Oliver,  Mr.  Harvey,  Mr.  David  Napier,  Mr.  Laurence  Hill,  Mr.  W.  P. 
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Kinaird,  Mr.  Bandolph,  Mr.  Hugh  Madore,  and  otheni;  and 
although  some  of  these  gentlemen  give  very  ingenious  ideas  on  this 
great  subject,  none  of  them  have  been  found  as  yet  sufficiently 
practical  to  solve  the  question. 

As  the  scheme  of  Messrs.  Bateman  and  Bazalgette,  however,  is 
now  before  the  committee,  and  may  possibly  be  adopted,  I  should 
wish  to  draw  your  attention  to  a  few  interesting  points  brought 
out  in  their  report  as  regards  utilization  and  expenditure. 

The  scheme  devised  is  thus  described: — "  The  sewage  of  the  higher 
portions  of  Glasgow  is  intercepted  at  an  elevation  of  about  60  or  70 
feet  above  ordnance  datum,  and  by  tunnelling  through  the  intervening 
ridge,  conveying  it  by  gravitation  alone  to  the  coast  between  Irvine 
and  Troon.  An  intercepting  sewer  at  this  level  will  remove  the 
sewage  fix>m  one-fourth  of  the  population  of  the  city.  For  the 
remainder,  it  is  proposed  to  construct  two  other  lines  of  intercepting 
sewers — one,  the  middle  sewer,  at  an  elevation  of  20  feet  above 
ordnance  datum,  which  will  take  the  middle  zone,  containing  nearly 
one-fourth  of  the  population;  and  the  other,  or  low  level  sewer,  at 
the  level  of  ordnance  datum,  which  represents  the  mean  level  of  the 
tide,  by  which  the  sewage  will  be  diverted  from  all  the  lower  portions 
or  remaining  half  of  the  city. 

''The  sewage  from  the  high  level  districts  will  be  concentrated 
near  the  conjunction  of  St.  Ann  with  Duke  Street,  at  Wellpark 
Free  Church,  and  from  thence  conducted  by  a  cast-iron  syphon 
pipe  along  Hunter  Street  and  a  new  street  in  continuation  of  Hunter 
Street,  between  Crallowgate  and  Great  Hamilton  Street^  to  Glasgow 
Green,  across  the  Green  and  over  the  river  a  little  below  St  Andrew's 
Suspension  Bridge,  across  the  Gorbals  to  Cumberland  Street,  thence 
along  Cumberland  Street,  in  a  direction  parallel  with  the  river,  to  a 
pumping  station  close  by  the  side  of  the  Paisley  Canal,  and  between 
the  canal  and  the  Glasgow  and  Paisley  Railway,  a  short  distance  to 
the  west  of  PoUokshields.  The  sewage  conveyed  by  this  syphon  will 
be  discharged  at  a  level  of  about  48  feet  above  the  ordnance 
datum,  and  will  there  be  conveyed  by  a  circular  conduit  9  feet  in 
diameter  to  the  coast  of  Ayr,  about  midway  between  Troon  and  Irvine." 

The  report  goes  on  to  explain  the  working  of  the  system, 
and  the  probable  results  from  this  scheme  being  carried  out;  but  as 
my  object  is  more  to  place  before  you  what  has  been  going  on 
during  the  last  twelve  months  than  to  give  any  opinion  on  ikds  or 
any  other  theoretical  proposition,  I  content  myself  with  a  few 
statistical  quotations  of  the  probable  expense  and  responsibility  to  the 
citizens  at  large. 
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The  gross  estimate  of  all  the  works  of  interception  and  conveyance 
to  the  sea,  with  the  engine  power  and  pumping  stations  required  for 
raisiug  the  sewage  to  the  requisite  elevation,  amounts  b^  estimate  to 
JBI, 089,756,  of  which  £374,756  is  due  to  intercepting  sewers  and 
syphons  down  to  the  pumping  station  at  PoUokshields;  £50,000  for 
engines,  pumps,  and  pumping  stations ;  and  £625,000  for  the  main 
conduit  between  PoUokshields  and  the  coast  near  Troon. 

The  power  of  the  engines  required  for  lifting  the  sewage  is  500 
horse-power,  and  the  annual  expense  £3,550. 

The  gross  outlay,  including  Parliamentary  expenses,  will  be 
£1,253,256,  the  interest  of  which,  at  4  per  cent,  is  £50,130  per 
annum,  which,  added  to  the  expense  of  pumping  and  administration, 
will  give  an  annual  expenditure  of  £55,000.  The  practical  issue  to 
the  public  will  be  an  addition  oib\d,  per  pound  on  the  present  rental; 
and  upon  the  probable  rental,  when  the  works  might  be  finished,  six 
years  hence,  4^ 

Should  this  scheme  be  carried  out,  however,  in  its  entirety,  and  the 
sewage  used,  as  in  London,  for  irrigating  purposes  on  the  sandy  soil 
near  the  coast,  a  great  reduction  would  be  effected;  and  if  Messrs. 
Bateman  and  Bazalgette's  calculations  are  correct,  a  complete  return 
of  the  whole  expense  might  be  got.  Take  for  instance  the  calculation 
that  the  present  volume  of  sewage,  exclusive  of  rainfall,  measures 
35,000,000  of  gallons  per  day,  or  156,250  tons ;  and  taking  100 
tons  as  the  quantity  required  for  the  production  of  1  ton  of  grass, 
the  daily  produce  would  be  1,562  tons  for  300  daya  This,  taking 
10«.  as  the  price  per  ton,  would  give  something  like  £234,000  per 
annum ;  but  considering  the  great  rainfall,  and  the  weaker  quality  of 
the  sewage  as  compared  with  that  of  London,  it  might  be  well  to 
pitch  the  profit  at  one-half;  and  allowing  this  to  be  divided  between 
the  promoters  and  the  farmer,  a  sum  of  £58,000  odd  would  be  left 
as  the  value  derivable  from  this  great  scheme. 

It  is  very  gratifying  to  know  that  this  subject  has  been  so  well  taken 
up,  and  so  much  valuable  information  elicited ;  for  whatever  plan  may 
ultimately  be  adopted,  it  is  quite  evident  that  Glasgow  cannot  remain  as 
it  is.  With  a  population  increasing  in  the  ratio  of  the  last  twenty  years, 
the  evil  is  daily  growing,  and  its  cure  must  soon  become  an  absolute 
necessity.  As  I  have  before  stated,  the  subject  is  one  of  much  diffi- 
culty; and  when  we  have  before  us  day  by  day  the  discrepant  opinions 
of  men  equally  eminent  both  as  engineers  and  chemists,  it  is  to  be 
hoped  the  authorities  will  pause  and  deeply  weigh  all  sides  of  the 
question  before  committing  themselves  to  any  but  a  sure  and  satis- 
factoiy  solution  of  the  question. 
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I  migbt  with  justice  refer  to  one  or  two  of  the  plans  proposed,  and 
one  of  a  very  ingenious  nature  lately  brought  before  the  Town  Council 
by  Mr.  William  Robertson,  O.E.,  who  originally  had  a  scheme  similar 
to  Messrs.  Bateman  and  Bazalgette's ;  but  his  present  idea  is  to  discharge 
the  sewage  at  a  point  below  Erskine,  and  use  the  tidal  waters  of  the 
estuary  to  flush  the  river.  This  he  effects  by  impounding  the  tidal 
waters  of  the  river  by  a  wall  from  the  south  bank  of  the  Clyde  near 
Port-Glasgow,  along  the  line  of  low-water  mark  upwards  to  the 
Newshot  Isle,  and  to  the  east  end  of  the  isle,  where  the  river  Cart 
falls  into  the  Clyde.  The  plan  seems  simple  enough,  and  I  have  no 
doubt  will  meet  with  due  consideration  from  the  Sewage  Committee. 
Of  late  we  have  Dr.  Fergus  and  others  advocating  a  totally  different 
system  for  the  absorption  of  the  sewage,  in  the  use  of  dry  closets,  and 
many  other  schemes  of  a  similar  nature;  and  in  many  parts  of 
England  various  scientific  men  have  taken  up  this  question,  and  in 
one  or  two  cases  have  partially  succeeded  in  their  object.  I  may 
mention  one  process  which  was  patented  and  carried  out  at  Hastings, 
by  Mr.  Hock,  the  mayor.  About  twelve  years  ago,  Hastings  was 
drained  at  a  cost  of  £16,000,  by  a  system  adapted  to  the  natural 
levels;  and  the  sewage  flowed  into  the  sea  from  several  outlets, 
causing  much  annoyance  to  the  bathers  visiting  that  locality,  when 
the  discharges  took  place,  and  fever  to  a  great  extent  prevailed. 
Subsequently  charcoal  was  used,  which  modified  this.  Mr.  Rock's 
system  consists  of  a  main  sewer  having  a  fall  of  5  feet  6  inches 
per  mile,  intercepting  all  the  old  drains,  carrying  the  sewage  to  a 
tank  holding  a  million  and  a  half  of  gallons,  which  is  the  maximum 
accumulation  of  every  twenty-four  hours.  The  sewage  is  stowed  in 
the  tank  until  low  water,  and  then  discharged,*the  action  of  the  tide 
carrying  it  eastward,  and  away  from  the  town.  The  discharge  from 
the  tank  is  through  half  a  mile  of  culverts  of  4  feet  with  a  fall  of 
10  feet  per  mile — this  has  cost  £30,000  ;  and  as  a  precaution  against 
the  vapours  arising  from  the  tank,  charcoal  boxes  are  placed,  through 
which  the  air  passes.  It  is  intended  to  carry  this  farther,  and  purify 
the  drainage  in  the  tank  to  be  used  as  manure.  Mr.  Leuk  has 
also  invented  a  process  which  has  been  tried  at  Lincoln,  which  con- 
sists in  the  use  of  certain  chemicals,  the  result  being  highly  satis- 
factory ;  and  it  appears  that  the  quantity  used  for  about  4,000,600 
gallons  was  4  tons.  Mr.  Sillar  has  also  been  employed  by  the 
Tottenham  Board  of  Health  to  purify  the  river  Lee.  Irrigation 
had  been  previously  tried  unsuccessfully,  owing  to  the  outfall  being 
inconvenient.  Precipitation  by  lime  was  also  tried,  but  resulted  in  a 
total  loss,  the  residue  being  so  worthless  that  the  farmers  would  not 
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have  itb  This  also  was  tried  at  Leicester  with  the  same  effect  Mr. 
Sillar  does  not  give  the  component  parts  of  his  precipitating  medium, 
but  its  action  was  very  rapid,  precipitating  85  per  cent  of  the 
ammonia  contained  in  the  sewage,  and  all  the  phosphoric  add.  The 
experiments  are  very  interesting,  but  not  of  sufficient  importance 
to  affect  such  a  question  as  the  one  appertaining  to  the  Glasgow 
sewage;  but  in  a  small  place  like  Lincoln,  it  is  possible  that  a  system 
of  precipitation  might  answer,  and  be  profitable,  where,  from  the 
causes  already  assigned,  it  would  be  totally  inapplicable  to  such  a 
great  scheme  as  the  purification  of  the  Clyde.  Professor  Frankland, 
in  reporting  to  the  Eivers  Commission  on  the  comparative  merits  of 
the  two  processes  above  mentioned,  says,  "  That  like  all  chemical 
methods  hitherto  invented,  they  fail  in  purifying  sewage  to  such  an 
extent  as  to  render  it  admissible  into  running  water."  It  still 
remains  a  fact,  however,  that  no  chemical  process  is  known  which  even 
remotely  approaches  irrigation  in  its  efficiency  as  a  purifier  of  sewage. 
Both  the  Sillar  and  the  lime  processes  remove,  to  a  great  and  nearly 
equal  extent^  the  suspended  matters  contained  in  sewage.  The  former 
increases  the  amount  of  dissolved  solid  impurity,  but  reduces  the 
quantity  of  putrescible  matter ;  the  latter  reduces  both  the  amount  of 
dissolved  solid  impurity  and  the  quantity  of  putrescible  organic 
matter,  the  reduction  of  the  last  being  about  the  same  as  that 
effected  by  SiOar's  process — ^namely,  rather  more  than  one-half:  further, 
Sillar^s  process  produces  the  most  valuable  solid  manure  from  the 
sewage.  Both  processes,  however,  signally  fail  in  removing  dissolved 
nitrogenous  organic  matters  from  the  sewage — the  kind  of  matter 
which  rapidly  putrefies  and  becomes  an  active  agent  in  the  pollution 
of  rivers.  Both  processes,  indeed,  actually  increase  the  amount  of 
organic  nitrogen  in  solution;  that  is,  the  amount  of  organic  nitrogen 
dissolved  from  the  superadded  matter  of  the  river  sewage  was  greater 
than  that  precipitated  by  the  chemical  re-agents  added.  This  impor- 
tant deduction  must  lead  to  a  modification  of  the  favourable  opinion 
recently  expressed  upon  sewage  operations  by  precipitation. 

I  might  go  on  to  any  extent  in  my  observations  and  quotations 
upon  this  interesting  topic;  but  I  think  sufficient  has  emerged  to 
prove  the  immense  importance  of  the  subject;  and  if  my  remarks 
have  no  other  effect  than  drawing  the  attention  of  the  Society  to  the 
necessity  of  discussing  the  various  questions  involved  during  the 
present  session,  my  object  will  have  been  gained. 

Last  session  the  attention  of  the  Society  was  drawn  by  Mr. 
Ludwig  Mond  to  the  manufacture  of  sulphur  from  alkali  waste — a 
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sabjeot  of  vast  importance  to  Glasgow  especially.     It  will  be  un- 
necessary for  me  to  describe  the  various  processes  applicable  to  this 
subject  which  have  been  patented  by  Messrs.  Schafhe  and  Hofinan,  and 
which  have  largely  been  employed  on  the  CJontinent;    and  which 
processes  are  based  on  the  following  re-actions  i—firstj  the  conversion 
of  the  insoluble  compounds  of  calcium  and  sulphur  in  the  waste 
into  soluble  compounds  by  the  action  of  the  oxygen  of  atmospheric 
air;  second,  the  removal  of  these  soluble  compounds  from  the  rest 
of  the  waste  by  lixiviation  with  water';    third,  the  separation  of 
sulphur  from  the  liquors  thus  obtained  by  muriatic  acid.    Acbording 
to  the  process  advocated  by  Mr.  Mond,  the  oxidation  of  the  waste  is 
effected  in  the  same  vessels  in  which  the  "v^aste  has  been  originally 
obtained,  by  forcing  air  through  the  waste  by  means  of  a  &n.  It  is  then 
lixiviated  in  the  same  vessel;  and  these  operations  are  repeated  twice 
over  without  removing  or  touching  the  waste.      A  great  saving  of 
manual  labour  is  thus  obtained,   and    hours  instead  of  days  are 
occupied  in  the  process.     The  liquors  are  then  mixed  with  an  equiva- 
lent quantity  of  muriatic  acid,  and  heated  by  steam  to  150°  Fahr. 
The  sulphur  is  now  easily  separated :  it  settles  to  the  bottom  of  the 
vessel,  is  washed  with  water,  and  melted  in  an  iron  vat.     The  waste 
after  the  abstraction  of  the  sulphur  remains  in  a  pure  state,  and 
furnishes  a  good  manure  for  many  soils  and  crops  containing  large 
amounts  of  sulphate  and  carbonate  of  calcium.      One-half  of  the 
sulphur  recovered  by  this  process  is  in  a  very  pure  state,  and  sur- 
passes all  brimstone  imported  into  this  country ;  and  consequently  is 
not  used  to  replace  pyrites  in  the  manufacture  of  soda,  but  in  place  of 
brimstone,  which  has  a  much  higher  value,  and  is  used  in  very  large 
quantities  by  our  manufacturers.      Sicily  alone  is  said  to  export 
300,000  tons  per  annum,  50,000  tons  of  which  are  sent  to  Great 
Britain.     The  British  alkali  trade,  which  now  absorbs  400,000  tons  of 
common  salt  in  a  year,  would,  by  the  application  of  this  process^  easily 
be  able  to  supply  the  50,000  tons  of  brimstone  consumed  in  this 
country,  and  for  which  we  pay  Sicily  £300,000  a  year.     This  brim- 
stone coidd  be  produced  at  £1  per  ton^  which  is  much  less  than  what 
it  costs  at  the  mines.     Too  much  importance  cannot  be  placed  on  an 
invention  of  this  description,  involving  as  it  does  interests  of  such 
magnitude,  and  more  particularly  when  we  look  at  its  importance  in 
the  mere  matter  of  the  manufacture  of  gunpowder. 

In  concluding  my  remarks,  I  should  wish  to  say  a  few  words  upon 
the  subject  of  Museums  of  Trade  and  Industry,  more  especially  since, 
in  a  small  way,  we  are  called  upon  to  institute  and  foster  under  this 
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roof  a  museum  whicli  has  for  its  object  the  encouragement  of  in- 
ventors and  exhibition  of  modela  Although  this  is  the  ostensible 
object  which  we  have  pledged  ourselves  to  foster,  there  is  no  reason 
why  we  should  not  have  specimens  exhibited  of  our  textile  manufac- 
tures, including  cotton,  jute,  silk,  &c  We  might  also  have  a  classifica- 
tion of  all  the  various  ores  that  have  rendered  this  part  of  Scotland 
so  &mous,  as  also  the  results  accruing  from  these.  And  when  we  look 
around  us  in  the  scientific  world,  and  find  that  almost  every  day 
produces  some  new  wonder  of  applied  science,  we  cannot  but  feel  that 
the  movement  which  has  inaugurated  and  fostered  such  an  exhibition 
is  the  beginning  of  what  is  to  be  hoped  will  ultimately  lead  to  the 
institution  of  a  museum  worthy  of  the  West  of  Scotland,  and  of 
this  great  commercial  city. 


IL — On  the  Chemistry  of  Sugar  Mamufa/Aure  and  Svgar  R^ning. 

By  Db.  Wallace,  F.RS.R,  F.C.S. 


Bead  before  the  Chemical  Section,  December  7,  1868. 


About  eight  years  ago  I  had  the  honour  of  delivering  a  discourse 
to  the  members  of  the  Philosophical  Society  of  Glasgow  "  On  some 
Points  in  the  Chemistry  of  Sugar  Refining."  Since  that  time  the 
sugar-refining  trade  of  this  country  has  undergone  great  changes. 
The  Clyde  houses  have  increased  to  nearly  three  times  the  amount  of 
their  former  production ;  while  in  London,  formerly  the  principal  seat 
of  the  manu^ture,  many  of  the  refineries  have  altogether  ceased 
working,  while  others  are  doing  but  little  business.  The  Greenock 
sugar  is  now  sold  in  nearly  every  considerable  town  in  Great  Britain 
and  Ireland,  and  it  is  a  fact  that  raw  sugar  has  been  purchased  in 
London  and  in  Liverpool,  refined  in  Greenock,  and  sent  back  again  to 
the  place  it  came  from.  The  EngHsh  ports,  especially  London  and 
Liverpool,  possess  great  advantages  so  fiur  as  the  purchase  of  the  raw 
material  is  concerned;  but  Greenock  has  other  circumstances  in  her 
favour  that  more  than  counterbalance  these  advantagea  Li  Greenock 
we  have  cheap  ground,  cheap  labour,  cheap  coals,  and  water  not  only 
very  moderate  in  price,  but  of  a  quality  remarkably  well  adapted  for 
refining  purposes,  while  the  re-burning  of  charcoal  is  not  r^;arded  as 
a  nuistmoe.     The  same  favourable  circumstances  exist  also,  although 
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to  a  less  extent,  in  Glasgow;  and  it  appears  liigbly  probable  tbat  but 
for  the  want  of  a  good  raw-sugar  market,  the  refining  trade  would 
soon  be  in  great  measure  confined  to  the  Clyde.  Tbere  cannot  be  a 
doubt  that  the  Greenock  refiners  have  exhibited  during  the  last  ten 
or  twelve  years  extraordinary  enterprise,  and  have  taken  the  lead  in  • 
the  introduction  of  improvements,  both  mechanical  and  chemical; 
while,  on  the  other  hand,  they  have  rejected  various  innovations 
which  have  turned  out  miserable  failures.  The  Gi-eenock  refiners  have, 
however,  been  poorly  repaid  for  their  energy,  perseverance,  and  skill ; 
the  extraordinary  competition  between  the  different  firms  has  made  it 
di£Scult  to  find  an  outlet  for  the  produce,  while  the  French  and 
Belgian  system  of  duties  on  the  raw  sugar,  and  drawback,  as  it  is 
called,  upon  the  refined  when  exported,  operate  against  them  in 
common  with  all  other  British  refiners.  I  shall  refer  to  this  subject 
by  and  by ;  but  in  the  meantime  shall  merely  state  briefly  that  the 
Governments  referred  to  offer  a  premium  to  their  refiners  to  export 
their  produce — they  charge  a  duty  on  the  raw  sugar,  and  on  the 
refined  being  exported  give  a  drawback  amounting  to  considerably 
more  than  the  duty  that  was  paid.  A  direct  result  of  this  unfair 
competition  is  that  loaf  sugar  cannot  now  be  made  profitably  in  this 
country,  and  that  branch  of  the  trade  may  almost  be  said  to  have 
ceased. 

In  the  production  of  crushed  sugar  an  immense  impetus  has  been 
given  by  the  introduction  of  the  centrifugal  machine  for  draining  the 
syrup  away  from  the  crystals ;  not  the  least  of  the  advantages  being 
the  extremely  rapid  return  of  the  sugar  in  a  marketable  form,  it  being 
possible  to  have  the  refined  product  ready  for  sending  out  in  thirty-six 
hours  from  the  time  the  raw  sugar  was  "  blown  up."  The  whole 
system  of  refining  has  undergone  a  great  change:  a  much  larger 
quantity  of  charcoal  is  now  used  than  formerly,  and  it  is  much  more 
frequently  renewed,  and  there  is  now  very  little  of  extremely  low 
sorts  manufactured,  the  production  being  mostly  confined  to  two 
kinds,  whites  and  yellows.  Another  innovation  is  boiling  down  to ''  a 
jelly,"  as  it  is  technically  called — that  is,  without  graining  in  the  pan ; 
and  the  pans  are  so  much  improved  by  very  wide  necks,  to  permit  the 
free  escape  of  the  steam,  extensive  heating  surface,  and  great  con- 
densing power,  that  a  panful  of  the  largest  size  may  be  boiled  down  in 
two  or  three  hours  and  at  a  temperature  ranging  from  50°  to  ^b"^  Cent. 
•  (122*'  to  13r  Fahr.)  Another  alteration  of  the  system — I  can  scarcely 
call  it  an  improvement,  although  I  suppose  it  is  now  necessary,  in 
order  to  make  ends  meet — is  the  practice  of  ''  in  and  in "  working, 
whereby  no  syrup  is  ever  turned  out,  but  the  whole  produce  l^ves 
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the  house  as  it  came  in,  in  the  form  of  sugar.  In  former  times — 
that  is,  six  or  eight  years  ago— the  raw  sugar  being  dissolved  and 
decolourized,  yielded  a  liquor  which,  on  boiling  down,  gave  a  crop  of 
ciystals  of  white,  or  nearly  white,  sugar  called  ''lumps,"  and  a  syrup 
called  technicaUy  ''green  syrup."  This  green  syrup  was  again 
boiled  down,  and  gave  a  second  crop  of  crystals  called  "  pieces,"  and  a 
syrup  which  was  either  sold  as  "  golden  syrup,"  or  boiled  down  again 
to  obtain  a  further  quantity  of  sugar.  In  any  case  the  ultimate 
result  was  that  the  accumulated  salts  and  other  impurities  of  the  raw 
sugar,  so  &r  as  they  were  not  extracted  by  the  charcoal,  were  got  rid 
of  in  the  golden  syrup.  At  the  present  time  the  Greenock  houses,  as 
a  rule,  turn  out  no  83rrupi  in  other  words,  the  impurities  referred  to 
are  carried  out  of  the  sugar-house  in  the  yellows,  these  being  pur- 
posely made  with  a  very  small  grain,  so  as  to  carry  a  large  quantity  of 
syrup.  These  are,  in  few  words,  some  of  the  more  salient  features  of 
the  present  system  as  distinguished  from  that  existing  only  a  very  few 
years  ago;  but  there  are  also  important  improvements  in  many 
particulars,  such  as  in  the  purchase  of  raw  sugars,  the  chemical 
examination  from  time  to  time  of  the  charcoal  as  well  as,  the  various 
products  of  the  refinery,  and  an  intelligent  scientific  supervision  of 
the  whole  process,  which  contrasts  strikingly  with  the  rule-of-thumb 
system  of  former  times. 

In  the  preparation  of  the  raw  material,  considerable  changes  have 
occurred.  The  most  notable  of  these  in  regard  to  cane  sugar  is  the 
system  of  Mr.  Fryer,  of  Manchester,  by  which  the  cane  juice  is 
boiled  down,  or  rather  evaporated,  very  rapidly  by  exposing  it  to 
heated  air  in  a  very  thin  stream  running  over  an  inclined  plane,  by 
means  of  which  a  result  is  obtained  which  becomes  solid  on  cooling, 
and  is  imported  into  this  country  under  the  name  of  "  concrete^"  In 
the  beet  sugar  manufacture  the  "carbonatation"  process  has  been 
followed  out  to  a  considerable  extent,  and,  in  fact,  is  becoming  uni- 
versal This  consists  in  the  addition  to  the  juice  of  a  rather  large 
quantity  of  lime,  which  is  afterwards  separated  by  a  current  of  car- 
bonic gas.  A  peculiar  vacuum  pan  is  employed  for  the  evapora- 
tion of  the  weak  syrups,  three  pans  being  arranged  in  one  connection, 
the  steam  of  the  first  being  made  to  heat  the  second,  and  the  steam  of 
the  second  the  third.  This  is  called  the  "  triple  efiet^"  and  is  now 
very  generally  employed. 

Having  briefly  introduced  the  subject,  I  shall  now  proceed  to  con-  * 
aider,  in  greater  detail,  the  various  branches  into  which  it  may  be 
divided ;  premising,  hovrever,  that  for  the  sake  of  making  the  whole 
matter  connected,  and,  to  some  extent^  complete,  it  will  be  necessary 
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to  mix  up  with  a  little  that  is  new  a  great  deal  with  which  many  of 
you  are  already  veiy  well  acquainted. 

Vcurietiea  qf  Sugar, — Of  the  many  yarieties  of  sugar  known  to 
chemists,  two  only,  so  flEur  as  I  am  aware,  are  concerned  in  sugar 
refining,  viz.,  cane  sugar  and  fruit  sugar,  but  we  may  also  take  into 
our  catalogue  that  kind  known  as  grape  or  starch  sugar.  The  three 
yarieties  contain  respectively  the  following  quantities  of  carbon,  hyd- 
rogen, and  oxygen : — 

Cane  sugar,  or  sncrosey GuHnOu* 

Fruit  sugar,  or  fructose, CuHmOu. 

Grape  or  starch  sugar,  or  glucose^  C]sHmOii^2HsO. 

Fruit  sugar  and  glucose  were  formerly  confounded  together,  but 
they  have  been  conclusively  shown  to  be  quite  distinct^  as  much  so  as 
cane  sugar  and  fruit  sugar;  but  fruit  sugar  is  clearly  intermediate 
between  sucrose  and  glucose,  which  last  is  the  ultimate  result  of  the 
action  of  acids,  heat,  and  ferments  upon  all  other  forms  of  sugar,  as 
well  as  upon  the  other  members  of  the  amylaceous  group.  In  all 
these  changes  there  is  simply  the  assimilation  of  the  elements  of  water. 
Very  weak  acids,  with  the  aid  of  heat,  effect  the  conversion  of  cane 
sugar,  first  into  fruit,  and  then  into  grape  sugar;  an  elevated  tempera- 
ture alone,  in  presence  of  water,  accomplishes  the  same  transforma- 
tions, but  less  rapidly.  The  following  experiments,  made  with  a 
solution  of  pure  sugar  in  distilled  water,  illustrate  well  the  danger  of 
keeping  syrups  at  a  high  temperature  for  a  lengthened  period  of 
time.  In  the  first  experiment  a  quantity  of  the  syrup  was  heated  to 
about  90°  Cent  (194°  Fahr.),  until  a  large  proportion  of  the  sugarcrystal- 
lized  out;  more  water  was  then  added,  and  the  evaporation  and  solution 
repeated  several  times.  A  thick  syrup  was  at  last  obtained,  which 
refused  to  give  any  crystals  when  kept  for  weeks  over  oil  of  vitrioL 
Analysis  showed  the  mixture  to  contain  cane  and  fruit  sugar  in  the 
proportion  of  1  of  the  former  to  14  of  the  latter.  In  the  next  experi- 
ment the  syrup  was  kept  for  several  months  in  one  of  the  floors  of  a 
sugar  house,  the  temperature  of  which  varied  from  32°  to  38°  Cent  (90° 
to  100°  Fahr.),  water  being  from  time  to  time  added.  A  thick,  almost 
semi-solid,  syrup  was  thus  obtained,  which  did  not  show  the  slightest 
appearance  of  crystals  even  under  the  microscope.  It  contained  1 
part  of  cane  sugar  to  10  of  fruit  sugar.  The  syrup  was  leflb  exposed 
in  the  same  vessel  for  some  time  afterwards  without  undergoing  any 
apparent  change,  when  suddenly  the  whole  was  transformed  into  a 
soft  solid  mass,  consisting  of  microscopic,  but  distinct,  crystals  of 
glucose.    Weak  acids  give  rise  to  the  formation  of  grape  sugar;  bat 
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this  change  does  not  appear  to  b^in  until  all  the  cane  sugar  has  first 
been  converted  into  fructose.  I  have  never  observed  crystals  of 
glucose  in  any  of  the  ordinary  products  of  the  sugar  house.  Heavy 
sjrrups  and  treacle  contain  generally  minute  crystals,  but  the  micro- 
scope shows  these  to  be  cane  sugar,  the  angles  being  as  sharply  defined 
as  in  sugar  candy.  Fruit  sugar  does  not  crystallize  at  all,  but  forms, 
on  evaporation,  a  tenacious  semi-solid  mass.  This  description,  how- 
ever, rather  belongs  to  a  mixture  of  fruit  sugar  with  a  small  propor- 
tion of  cane  sugar,  for  as  soon  as  the  latter  disappears  the  formation 
of  grape  sugar  commences.  Grape  sugar  crystallizes  without  difficulty 
from  a  tolerably  strong  solution,  provided  the  latter  has  not  been 
exposed  to  too  high  a  temperature. 

The  natural  distribution  of  the  varieties  of  sugar  may  be  disposed 
of  in  a  few  words.  When  the  saccharine  juices  are  acid,  as  in  grapes 
and  other  common  fruits,  the  variety  of  sugar  present  is  fructose, 
which  changes  when  the  fruits  are  dried  and  kept  for  some  time, 
especially  if  the  skins  are  ruptured;  so  that  in  dried  fruits,  such  as 
figs  and  raisins,  hard  granular  masses  of  glucose  are  frequently  met 
with ;  but  when  the  juices  are  either  alkaline  or  neutral,  cane  sugar 
is  the  variety  of  saccharine  matter  present.  We  have  cases  in  which, 
in  the  same  plant,  at  different  times,  or  in  difierent  parts  of  the  plant, 
we  have  an  acid  sap  containing  fruit  sugar,  and  an  alkaline  sap  con- 
taining cane  sugar.  No  doubt  is  entertained  by  chemists  that  the 
sugars  play  a  very  important  part  in  the  nutrition  of  plants,  and  in 
the  vegetable  organism  there  seems  to  be  a  perfect  facility  in  the 
change  from  cane  to  fruit  sugar  or  vice  versd.  Out  of  the  laboratory 
of  the  plant,  however,  it  is  very  difierent;  we  can  readily  change  cane 
to  fruit  or  grape  sugar,  but  the  backward  operation  is  one  that  defies 
our  powers.  We  have  lately  seen  many  wonderful  transformations  of 
organic  bodies  and  the  artificial  formation  of  compounds  hitherto 
formed  only  by  natural  processes,  but  we  have  not  yet  been  able  to 
change  fructose  or  glucose  into  cane  sugar,  and  I,  for  one,  do  not 
expect  that  it  ever  will  be  don& 

Cane  sugar  crjrstallizes  readily  in  four-sided  prisms  with  rhomboidal 
bases,  but  the  crystals  have  often  a  cubical  appearance,  and  sometimes, 
by  truncation,  they  assume  the  aspect  of  six-sided  prisms.  The 
crystals  are  always  sharp  and  well-defined,  even  when  produced  from 
the  most  impure  syrups.  Cane  sugar  is  distinguished  from  all  other 
substances  by  its  intensely  sweet  taste,  which,  when  the  sugar  is  pure, 
is  unaccompanied  by  any  kind  of  flavour.  As  the  sensation  of  sweet- 
ness depends  very  much  on  the  rapidity  of  solution,  it  follows  that 
fine-grained  sugar,   which   dissolves  rapidly  in   the  mouth,  appears 
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sweeter  than  large  crystals,  which  dissolve  slowlj,  and  hence  the 
absurd  popular  notion  that  one  kind  of  sugar  can  be  sweeter  than 
another,  both  being  equally  pure.  Cane  sugar  is  devoid  of  odour  and 
colour.  It  is  highly  soluble  in  water,  which  takes  up,  at  the  com- 
paratively low  temperature  of  9**  Cent  (48°  Fahr.), about  an  equal  weight 
With  increase  of  temperature  the  power  of  solution  is  very  much 
augmented,  and  at  the  boiling  point  of  the  liquid  the  capacity  of 
water  for  dissolving  sugar  is  almost  unlimited.  At  the  degree  of 
heat  at  which  syrups  are  boiled  down  in  the  vacuum  pan  (49**  to  54° 
Cent,  or  120°  to  130°  Fahr.),  water  does  not  by  any  means  possess  this 
power  of  unlimited  solution,  and  the  sugar  readily  crystallizes  out  if 
the  syrup  is  not  too  much  loaded  with  impurities. 

Fruit  sugar  is  uncrystallizable,  but  forms,  when  dried  in  vacuo  at 
the  ordinary  temperature  of  the  air,  a  gummy,  semi-solid  mass.  It 
possesses  a  left-handed  rotative  power  on  polarized  light,  &om  which 
circumstance  it  has  received  the  rather  clumsy  names  of  ''  Itevulose  " 
and  "  inverted  sugar."  I  have  never  found  this  variety  of  saccharine 
matter,  as  produced  artificially,  in  a  pure  state,  but  always  more  or 
less  mixed  with  cane  sugar.  It  exists  abundantly  in  golden  syrup, 
molasses,  treacle,  also  in  honey,  especially  when  new.  Cane  sugar 
refases  to  crystallize  from  a  syrup  which  contains  rather  more  than 
an  equal  weight  of  this  variety,  and  I  have  found  that  a  syrup  which 
is  saturated  and  which  contains  less  than  8  of  cane  to  10  of  fruit 
sugar,  is  absolutely  undrainable  at  any  temperature.  Here,  then,  is 
a  serious  evil  in  sugar-refining — every  pound  of  fruit  sugar  destroys 
the  crystallizing  power  of  nearly  as  much  cane  sugar.  With  regard  to 
the  sweetening  power  of  fruit  sugar,  I  cannot  give  any  precise  informa- 
tion, as  I  neglected  to  ascertain  this  point  when  I  had  an  opportunity 
of  examining  a  nearly  pure  specimen.  Ordinary  golden  sjmip,  which 
contains  about  40  per  cent,  fruit  sugar,  and  30  to  35  per  cent  cane 
sugar,  appears  fully  sweeter  than  a  solution  of  pure  cane  sugar,  but  it 
has  a  cei'tain  flavour,  and  contains  alkaline  salts  which  prevent  a 
proper  estimate  of  the  sweetness  being  made.  It  is  stated,  however,  to  be 
superior  to  grape  sugar,  but  inferior  to  cane  sugar,  in  sweetening  power. 

Fruit  sugar  is  more  soluble  in  alcohol  than  cane  sugar,  which, 
indeed,  is  practically  insoluble  in  absolute  alcohol;  and  this  liquid 
has  been  proposed  for  washing  crystals  of  cane  sugar  for  the  purpose 
of  freeing  them  from  adhering  syrup,  without  materially  affecting  the 
crystals  themselves.  The  experiment  succeeds  admirably  on  the 
small  scale,  and  has  long  been  used  on  the  Continent  for  testing  raw 
sugars,  but  there  are  certain  difficulties  in  applying  it  in  actual 
practice,  say  upon  50  to  100  tons  per  day  of  niaterial.     It  would  be 
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hopeless  to  use  it  unless  duty-free,  on  account  of  its  expense,  and, 
besides,  it  is  difficult  to  obtain  a  cheap  alcohol  of  such  purity  that 
it  would  not  communicate  a  flavour  to  the  sugar,  while  methylated 
spirit  is  quite  inapplicable.  Still,  I  believe  that  alcohol  might  be 
introduced  into  the  sugar  refineries  of  this  country  for  washing  raw 
sugar  if  it  could  be  had  duty-free.  Of  course  the  sugar  woidd  be 
refined  in  the  usual  way  afterwards,  but  the  product  would  be  much 
superior  to  that  obtained  by  the  ordinary  process  of  refining. 

Much  has  been  written  about  the  dialysis  of  impure  syrups,  and 
when  Professor  Graham's  paper  on  dialysis  first  appeared  I  tried  the 
process  upon  golden  syrup,  but  without  a  satis&ctory  result  The 
process  has  never  been  applied  on  the  large  scale  in  this  countiy,  so 
far  as  1  know,  but  it  has  been  adopted  successfully  in  some  of  the 
Continental  refineries  with  beet  syrups  containing  a  large  quantity  of 
chloride  and  nitrate  of  potassium,  chloride  of  sodium,  and  other 
alkaline  salts,  and  the  efforts  of  those  who  have  tried  it  have  rather 
been  to  separate  those  salts  than  to  dissociate  the  cane  from  the  frxiit 
sugar,  of  which  beet  juice  contains  only  tracea  I  expected  thai  frxiit 
sugar  would  have  acted  as  a  colloid,  and  would  have  refused  to  pass 
in  any  considerable  quantity  through  the  dialysing  septum,  but  in 
this  I  was  disappointed.  If  time  permits,  I  will  briefly  describe 
Dubrunfaut's  apparatus,  called  the  ''  Osmogene,"  used  for  dialysing 
beet  molasses. 

Grape  sugar,  otherwise  called  starch  sugar,  or  inverted  sugar,  or 
Isevulose,  never  occurs  in  any  of  the  products  of  the  sugar  manu- 
facture, so  &r,  at  least,  as  my  observations  have  gone.  It  crystallizes 
in  fibrous  masses  or  tufts  radiating  frt)m  a  centre,  presenting  a  very 
beautiful  appearance  when  examined  with  a  lens.  The  crystals  are 
said  to  be  cubical,  but  usually  they  are  minute  and  indistinct.  It  is 
less  soluble  than  cane  sugar,  requiring  about  an  equal  weight  of  cold 
water  for  solution.  It  is  less  sweet  than  cane  sugar  in  the  proportioa 
of  2\  to  1.  Fruit  sugar  soon  changes  to  glucose  if  no  cane  sugar 
is  present.  As  I  have  already  stated,  we  frequently  find  granular 
lumps  of  glucose  in  raisins  and  other  dried  fruits,  the  skins  of  which 
have  been  ruptured.  The  whiteness  and  viscousness  of  old  honey  is 
due  to  the  presence  of  crystals  of  glucose,  while  new  honey  is  a  clear 
transparent  syrup.  I  have  seen  jelly  prepared  from  the  juice  of 
currants,  and  other  acid  fruits,  and  loaf  sugar,  in  which,  by  too  long- 
continued  boiling,  all  the  cane  sugar  had  been  changed,  become  opaque 
and  semi-solid  from  the  same  cause.  This  phenomenon  must  not  be 
confounded  with  the  much  more  common  one  of  cane  sugar  forming  a 
hai-d  criqp  cmst  upon  the  saififUM  of  the  jelly. 
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Gluooee  is  largely  mannfactuied  in  France  from  potato  starch, 
and  more  lately  in  America  from  Indian  com,  and  is  extensively 
used  by  brewers,  distillers,  and  confectioners;  but  it  is  not  likely  to 
come  into  use  as  a  sweetening  agent,  unless  it  be  to  adulterate  the 
cheaper  kinds  of  refined  sugar ;  and  as  these  are  now  sold  at  about 
Sd.  a  pound,  there  does  not  appear  to  be  much  chance  of  extensive 
fraud  being  practised  in  this  direction. 

I  have  already  referred  to  the  action  of  weak  acids  in  inverting 
cane  sugar,  if  I  may  be  allowed  to  use  the  expression,  and  may  here 
add  that  it  is  of  the  utmost  importance  in  sugar  refining  to  prevent 
the  occurrence  of  even  the  slightest  trace  of  acid,  which  not  only 
changes  the  cane  sugar  more  or  less  into  the  uncrystallizable  variety, 
but  enables  the  liquors  to  dissolve  iron  from  animal  charcoal  or  from 
iron  tanks  or  cisterns,  besides  other  impurities.  In  this  way  Mr. 
Beane*s  process  for  treating  animal  charcoal  with  hydrochloric  acid 
gas,  although  otherwise  all  that  can  be  desired,  has  entirely  failed. 

Alkalies  act  but  little  upon  cane  sugar  (I  mean  when  very  dilute), 
but  upon  fruit  sugar  they  act  energetically,  producing  glucic  acid,  and 
subsequently  other  compounds  of  a  brown  colour.  Hence  it  is  that 
while  with  beet  juice,  which  contains  at  most  only  traces  of  fruit 
sugar,  a  considerable  excess  of  lime  may  safely  be  used  in  clarifying; 
the  same  treatment  upon  cane  juice  or  a  solution  of  common  raw 
sugar  produces,  on  boiling,  a  dark-brown  colour. 

The  action  of  ferments  on  sugars,  so  far  as  these  are  concerned  in 
the  process  of  sugar  refiniug,  next  claims  our  attention.  In  my  paper 
of  eight  years  ago  this  subject  occupied  a  large  space,  but  now  I  may 
dismiss  it  in  a  few  words.  The  fact  is  that  the  duration  of  the  whole 
process  of  refining  is  now  so  very  short  that  there  is  little  time  for 
fermentation. 

In  the  sugar-house  two  kinds  of  fermentation  are  recognized.  The 
first  of  these  affects  chiefly  strong  or  comparatively  strong  liquors,  and 
communicates  to- them  a  peculiar  viscidity  and  ropiness,and  the  property 
often  seen  in  treacle  and  occasionally  in  golden  syrup,  of  drawing  out  to 
a  thread  of  extreme  tenuity.  This  is  technically  called  "  smear,"  from 
the  circumstance  that  such  viscous  liquors  will  never  drain  away  from 
crystals  with  which  they-  may  be  mixed.  Frequently  sugar-houses 
have  been  entirely  stopped  from  the  occurrence  of  smear,  which,  once 
introduced,  seems  to  spread  like  an  epidemic.  It  appears  to  be  the 
same  kind  of  action  that  is  so  troublesome  in  the  West  Indies  in 
making  rum  from  molasses,  which  is  called  the  viscous  fermentation, 
and  which  is  now  prevented  by  mixing  a  considerable  quantity  of 
sulphuric  acid  with  the  liquor  while  undei^oing  the  alcoholic  fermeur 
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tatioiL  Smear  is  always  the  resnlt  of  filthinesSy  and  may  be  pfevented 
with  certainty  by  keeping  everything  about  the  sugar-house  clean, 
and  fumigating  with  sulphurous  ga&  In  my  paper  already  referred 
to,  in  which  this  subject  is  treated  of  at  considerable  length,  I  have 
ascribed  the  occurrence  and  propagation  of  smear  to  the  action  of 
microscopic  vegetable  organisms,  which  I  invariably  found  to  be 
present  in  smeary  liquors;  but  smear  is  now  a  thing  of  the  past, 
and  I  will  not  waste  time  in  referring  to  it  further. 

The  other  kind  of  fermentation,  however,  which  I  shall  call  the 
lactic,  demands  our  earnest  attention,  for  no  sugar-house  is  absolutely 
flee  from  it,  although  in  those  that  have  placed  themselves  under 
competent  chemical  direction  it  is  reduced  to  a  trifling  amount,  and 
gives  little  or  no  trouble.  The  lactic  fermentation  occurs  only  in 
weak  liquors,  especially  in  those  below  5P  Baum6;  it  is  most  active  at 
a  temperature*  ranging  from  OS"  to  49"*  (100°  to  120''  Fahr.),  and  it  is 
produced  most  energetically  by  the  oxidizing  action  of  animal  chax^ 
coal.  This  subject  has  been  minutely  described  in  my  paper  on 
''  A  fiiTnAl  Charcoal,''  published  only  a  few  months  since,*  but  I  shall 
briefly  summarize  the  matter.  When  sugar  liquor  is  run  hot  into  a 
dstem  filled  with  animal  charcoal,  and  drawn  ofl*  again  at  a  compara- 
tively high  temperature,  little  or  no  fermentation  occurs;  but  when 
the  process  is  ended,  and  the  char,  impregnated  with  vegetable  albu- 
men and  various  impurities  extracted  from  the  liquor,  is  washed  with 
water  containing  free  oxygen,  the  char  is  soon  cooled  down  to  the 
temperature  most  favourable  to  the  lactic  fermentation,  and  the 
washings  come  away  sour  and  putrid,  and  more  or  less  loaded  with 
lactate  of  calcium  and  other  salts,  the  lime  being  derived  from  the 
calcic  carbonate  contained  in  the  charcoal,  besides  a  distinct  quantity 
of  iron.  The  weaker  the  washing  water,  it  is  generally  the  more  acid, 
until  at  last  the  washings  contain  more  calcic  salts  than  sugar.  It  is 
customary  to  use  the  weak  char  washings  for  dissolving  fresh  sugar, 
but  this  is  a  most  pernicious  system,  as,  amongst  other  evils,  it  intro- 
duces iron  into  the  crushed  sugar,  together  with  an  oflensive  odour. 
These  evils,  as  described  in  my  paper  on  ''  Charcoal,''  may  be  pre- 
vented by  keeping  up  the  char  cistems  to  a  pretty  high  temperature, 
and  washing  with  water  kept  constantly  boiling.  The  char  washings 
also,  if  not  immediately  boiled  down,  should  be  kept  up  to  near  the 
boiling  point  by  means  of  steam  pipes. 

Having  thus  described  the  two  varieties  of  sugar  concerned  in  sugar 
refining,  I  shall  now  allude  briefly  to  the— 

*  Vids  Proceedings  of  the  Philosophical  Society  of  Olcugow,  vol  iv.,  p.  377 ; 
also  abstract  in  Chemical  News^  voL  xvii,  p.  249. 
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MANUFACTURE  OF  CANE  SUGAR 

A  tolerably  complete  description  of  the  principles  and  practice  of 
this  industry  will  be  found  in  various  books  of  reference,  such  as 
Knapp*s  Technology,  Muspratt*8  DicUona/ry,  or  Tire's  Dictionary  of 
Arte  (new  edition),  and  I  shall  only  refer  to  a  few  points.     The  sugar 
cane  contains  about  16  per  cent,  of  sugar  and  70  per  cent  of  water, 
together  with  about  *3  per  cent,  of  soluble  salts,  making  altogether 
about  86  per  cent,  of  juice,  of  which  three-fourths  are  expressed  in  the 
cane-crushing  mill,  provided  it  is  a  good  one,  and  one-fourth  is  left  in 
the  megass  or  crushed  canes.    One  would  £uicy  that  such  a  great  loss 
as  one-fourth  of  the  whole  produce  of  the  growth  of  the  cane  would 
make  the  planters  careful  to  save  any  further  loss  or  deterioration  of 
the  product,  yet  until  very  recently  the  process  of  treating  the  cane 
juice  after  expression  has  been  exceedingly  crude  and  wasteful     The 
juice,  at  about  10°  Baum6,  is  mixed  as  soon  as  possible  with  a  certain 
amount  of  lime,  called  temper  lime,  and  heated  in  a  vessel  called  the 
clarifier.     A  scum  rises  to  the  surface  (consisting  of  vegetable  albu- 
men and  other  matters),  and,  after  settling,  the  clear  liquor  is  run  off 
to  the  first  of  a  series  of  evaporating  pans  in  which,  gradually  trans- 
ferred to  a  pan  nearer  the  source  of  heat  than  the  last,  it  is  boiled 
down  to  such  a  consistence  that  on  cooling  it  forms  a  good  crop  of 
crystals.     The  mixture  is  afterwards  placed  in  hogsheads  or  casks 
perforated  with  holes  into  which  reeds  are  inserted,  and  the  mother 
liquor,  called  molasses,  is  allowed  to  drain  away;    but  the  sugar 
is  never  fully  drained,  and  consequently  loses  considerably  on  the 
voyage  to  this  country.     The  process  has  many  other  disadvantages : 
the  high  temperature  of  the  pans,  or  "  teaches,"  as  they  are  called, 
especially  the  last  of  the  series,  in  which  the  juice  is  boiled  down  to 
the  strength  necessary  for  forming  crystals,  gives  rise  to  the  formation 
of  a  large  quantity  of  fruit  sugar  and  of  coloured  products,  the 
subsequent  removal  of  which,  by  animal  charcoal,  adds  much  to  the 
expense  of  refining.     And,  again,  in  most  factories  sufilcient  care  is 
not  taken  to  prevent  fermentation,  hence  acids  are  formed  which,  in 
the  boiling  down,  favour  the  formation  of  fruit  sugar,  which  in  ordinary 
West  India  sugar,  such  as  is  used  for  refining  purposes,  generally 
amounts  to  from  4  to  6  per  cent.     The  use  of  sulphurous  acid,  sodic 
sulphite,  and  calcic  bisulphite,  has  been  attended  with  most  favourable 
results  in  our  West  India  colonies,  preventing  fermentation  very 
completely,  and  also  improving  the  colour  of  the  product.     Of  the 
three  forms  in  which  sulphurous  acid  may  be  used,  that  of  the  gas  is,  I 
believe,  the  best,  but  the  bisulphite  of  calcium  is  somewhat  easier  of 
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applicatioii,  and  answers  the  purpose  perfectly  well.  The  use  of 
sulphurous  acid  is  to  prevent  fermentation  in  the  juice  when  weak — 
after  it  has  acquired  a  tolerably  high  density  there  is  comparatively 
little  tendency  to  ferment  The  employment  of  various  forms  of 
evaporators  in  which  steam  is  the  heating  power  has  also  greatly 
improved  the  character  of  our  colonial  produce;  but  unfortunately 
our  sliding  scale  of  duties  offers,  as  it  were,  a  premium  to  planters  to 
produce  a  dark-coloured  sugar,  for  the  finer  the  colour  the  higher  is 
the  duty.  The  duties  charged  upon  sugar  entering  the  ports  of 
the  United  Kingdom  are  as  follows,  the  various  numbers  referring 
to  arbitrary  standards;  formerly  the  Dutch  standards  were  in  use,  of 
which  No.  6  is  an  extremely  low  sugar — in  fact,  almost  black — and 
Na  20  is  pure  white : —  * 
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No.  1  (above  Na  15,  D.S.), 
„   2  (  from  11  to  15,  D.S.), 
„   3(    „      9toll,  D.a), 
„   4  (below  9,  D.S.),      . 

Molaases, .... 


128.        per  cwt. 
11«.  Sd 
\0a.  6(2. 

9«.  7(2. 

8tf. 

3«.6(2. 


The  evaporators  referred  to  are  all  constructed  upon  the  principle  of 
taking  up  a  quantity  of  the  liquor  in  a  hot  state  and  exposing  it  to 
the  air;  in  one  form  of  it  we  have  a  reel  of  pipes  connected  by  drums 
or  discs  at  each  end,  with  steam  passing  through,  and  as  the  reel 
revolves  one-half  the  pipes  ai*e  in  the  liquor  and  the  other  half  in  the 
air,  with  a  thin  coating  of  the  liquor  upon  them ;  in  another  form  of 
the  apparatus  a  series  of  flat  hollow  discs,  kept  filled  with  steam,  are 
fitted  to  a  hollow  axis  by  which  the  discs  are  revolved  constantly, 
one-half  in  the  liquor,  the  other  half  in  the  air.  Vacuum  pans  are 
now  largely  used  in  the  colonies,  but  the  product  obtained  with  them 
—at  least,  the  first  crop  of  sugar — is  more  suitable  for  direct  con- 
sumption than  for  refining.  In  the  ordinary  mode  of  boiling  down, 
only  one  crop  of  sugar  is  obtained,  but  when  a  vacuum  pan  is  used, 
and  the  process  is  otherwise  carefully  conducted,  two  crops  may  'be 
had.  Thus  in  Mauritius  there  is  prepared,  first  a  fine  hard-grained 
sugar  largely  used  in  England  for  domestic  purposes  (in  Scotland  raw 
sugar  is  only  used  for  refining),  and  next  what  is  called  "syrup- 
Mauritius  sugar,"  used  by  refiners.  The  molasses  in  this  case  are  not 
very  good,  at  least  if  I  may  judge  from  the  rum  that  is  imported  from 
Mauritius.  It  has  been  attempted  to  make  refined  sugar  in  the 
colonies  direct  from  the  juice,  but  without  much  succesa  The  scarcity 
of  skilled  labour,  the  deamess  of  fuel,  and  in  many  cases  the  want  of 
a  copious  supply  of  pure  water,  Have  all  operated  against  the  realization 
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of  this  scheme,  and  practically  the  idea  has  been  abandoned.  The 
next  best  thing  would  appear  to  be  to  boil  down  the  whole  juice  in 
such  a  manner  as  not  to  destroy  it,  and  then  bring  it  to  this  country 
to  be  refined;  and  this  is  the  principle  of  Mr.  Alfred  Fryer's  concretor. 
This  is  an  apparatus  which  has  for  its  object  the  boiling  down  the 
juice,  as  soon  as  it  is  expressed,  with  great  rapidity,  so  as  to  prevent 
fermentation,  and  in  such  a  manner  as  not  to  affect  the  colour  by  too 
high  a  temperature.  The  juice  is  poured  on  to  one  end  of  a  nearly 
flat  iron  table  with  ridges  placed  across  it,  so  that  the  liquor  travels 
from  side  to  side  about  sixty  times  before  it  reaches  the  bottom  of  the 
inclined  plane,  the  length  of  which  is  about  48  feet,  and  the  breadth 
6  feet.  A  furnace  is  placed  at  that  end  of  the  machine  where  the 
liquor  enters,  and  the  flame  travels  down  to  the  lower  end  where  the 
waste  gases  are  utilized  in  heating  a  current  of  air  which  is  afterwards 
passed,  first  through  the  inside  of  a  cylinder  placed  upon  its  side  and 
revolving  so  as  to  keep  a  fresh  portion  of  juice  always  exposed  to  the 
heated  air,  the  temperature  of  which  is  about  350°  Fahr.,  and  then  in 
the  opposite  direction  over  the  surface  of  the  evaporating  liquor,  the 
air  being  impelled  by  a  fan.  The  flow  of  juice  at  the  upper  end  is 
regulated  so  that  the  evaporated  liquor  escapes  at  the  end  at  25*^  or 
30°  Baum^,  and  after  passing  through  the  cylinder,  forms,  on  cooling,  a 
tolerably  hard  dry  cake,  containing  only  6  to  8  per  cent  of  water. 
This  product  is  concrete.  It  has  been  said  that  cane  juice  contains 
no  fruit  sugar,  but  if  this  is  the  case  with  the  canes  as  they  are 
growing,  it  certainly  does  not  hold  in  the  case  of  the  expressed  juice, 
for  the  concrete,  according  to  numerous  analyses  I  have  made,  con- 
tains from  4  to  12  per  cent,  of  fruit  sugar,  averaging  at  least  7,  and 
the  inferior  lots  are,  therefore,  unsuitable  for  refining  on  the  Greenock 
system  of  putting  out  no  S3rrup.*  Mr.  Fryer^s  process  is  an  admirable 
and  a  most  valuable  one ;  only  I  think  it  is,  in  the  case  of  bad  juice, 
carried  too  fsur.  If  the  juice,  when  bad  in  quality,  were  allowed  to 
leave  the  apparatus  with  15  to  20  per  cent,  of  water  in  it,  and  the 
cooled  product  were  drained  or  put  through  centrifugal  machines,  an 
article  would  be  obtained  which  would  contain  a  very  moderate 
proportion  of  uncrystallizable  sugar  and  very  suitable  for  refining, 
while  the  molasses  would  only  amount  to  about  15  or  20  per  cent,  of 
the  total  produce.  The  advantages  of  the  concrete  are— great  rapidity 
of  production ;  prevention  of  the  formation  of  fruit  sugar  and  coloured 
products;  the  almost  entire  absence  of  loss  from  drainage  during  the 

*  The  imports  of  concrete  from  Antigua  this  year  have  contained  an  average 
of  only  4 '2  per  cent,  fruit  sugar,  according  to  Mr.  Fryer,  but  the  produce  of 
some  of  the  other  islands  has  not  been  so  good. 
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carbonatation  vessel  are  ran  into  a  cistern,  and  the  calcic  carbonate 
and  imparities  carried  with  it  allowed  to  settle  down,  after  which 
the  clear  liquor  is  transferred  to  a  mont-jus,  in  which  it  is  mixed 
with  1  litre  of  milk  of  lime  of  25^  Baum6  to  every  hectolitre  of 
juice,  and  this  is  followed  by  a  second  treatment  with  carbonic 
gas.  The  liquor,  after  settling,  is  filtered  through  animal  charcoal, 
after  which  it  passes,  at  a  strength  of  3°  to  4**  Baum4,  into  the 
peculiar  apparatus  used  for  evaporation,  called  the  triple  effety  or 
triple  effect,  although  the  translation  does  not  convey  the  exact 
meaning  of  the  original  It  is,  in  fact,  a  series  of  three  vacuum  pans, 
all  connected  together;  the  weak  liquor,  as  it  is  evaporated  in  the 
first,  being  after  a  time  transferred  to  the  second,  and  the  contents  of 
the  second  to  the  third,  from  which  at  last  it  is  drawn  off  at  a  gravity 
of  2(f  to  25^  Baum4.  The  pans  are  upright  cylinders,  about  10  feet 
high  and  about  4  or  5  feet  wide,  and  the  construction  is  similar  to  that 
of  an  upright  multitubular  boiler.  Steam  (sometimes  waste  steam 
from  a  high-pressure  engine)  is  admitted  to  the  first  of  the  three  pans, 
which  is  boiled  at  a  vacuum  of  about  7  inches ;  the  steam  from  this 
pan  (that  is,  the  steam  from  the  sugar  liquor)  heats  the  second  one, 
which  is  boiled  at  about  14  inches  of  vacuum,  and  the  steam  from 
this  heats  the  third,  which  is  boiled  at  as  complete  a  vacuum  as  can 
be  obtained,  say  27  to  28  inches.  The  saving  of  fuel  effected  by  the 
use  of  this  combination,  as  compared  with  that  of  a  single  vacuum 
pan,  is  about  a  third — that  is  to  say,  2  tons  of  fuel  with  this  system 
evaporate  aa  much  water  as  three  tons  with  the  ordinary  vacuum  pan. 
It  is  not  adapted,  however,  to  the  strong  liquors  of  a  refinery,  or  the 
rapid  boiling  then  required,  so  that  I  do  not  see  how  we  can  profit 
by  this  experience  of  our  ingenious  French  neighbours,  unless, 
perhaps,  it  might  be  in  boiling  down  char  washings. 

From  the  triple  effei  the  evaporated  juice  is  elevated  by  a  mont- 
jiis  to  a  cistern,  where  it  is  heated  to  boiliug,  then  passed  through 
animal  charcoal,  and  lastly  boiled  down  to  a  grain  in  a  vacuum  pan 
of  the  usual  construction.  An  almost  perfectly  white  sugar  is 
obtained,  and  the  syrup  is  boiled  over  again,  and  so  on  three,  four,  or 
five  times,  the  product  becoming  gradually  darker  in  colour  and  more 
contaminated  with  alkaliue  salts  and  organic  impurities.  The  last 
crop  of  sugar  is  allowed  to  stand  in  cisterns  for  several  weeks,  in 
order  to  crystallize,  as  the  salts  retard  considerably  the  crystallization 
of  the  sugar.  The  beet  sugar  that  comes  to  this  country  for  refining 
purposes  is,  I  believe,  the  third  or  fourth  crop,  and  contains  from  1^ 
to  4  per  cent,  of  alkaline  salts,  there  being  sometimes  a  very  consider- 
able quantity  of  nitrates  present    The  syrap  drained  from  ^^^  \d&\» 
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crop,  or  beet-root  molasses,  is  a  very  impure  substance.  It  bas  a  gravitj 
of  about  1  *4,  and,  according  to  my  own  analyses,  contains  about  50 
per  cent  cane  sugar,  about  0*5  per  cent  fruit  sugar,  about  13  per  cent 
of  extractive,  gummy,  and  other  vegetable  matters,  and  13  per  cent  of 
salts,  chiefly  of  potassium,  the  remainder  being  water.  Until  a  year  or 
two  since  this  molasses,  being  unfit  for  food,  was  fermented,  and  a 
coarse  kind  of  spirit  made  firom  it,  while  the  residue  in  the  still  was 
boiled  down  and  calcined  to  obtain  salts  of  potassium,  the  most  valu- 
able of  these  being  th6  carbonate.  But  by  a  most  beautiful  adaptation 
of  Graham's  dialyser,  by  Dubrunfaut,  the  salts  are  to  a  large  extent 
removed,  after  which  the  greater  part  of  the  sugar  can  be  crystallized 
out  The  apparatus  is  called  the  Osmogene,  and  consists  of  about  fifty 
cells,  separated  by  sheets  of  parchment-paper,  laid  flat  and  connected 
at  the  edges  all  round,  the  space  between  each  pair  of  sheets  being 
fully  half  an  inch.  Each  sheet  is  supported  by  a  cross  piece  of  wood 
and  a  network  of  twine.  The  whole  arrangement  is  about  4  feet 
long  and  3  feet  high.  By  a  peculiar  arrangement  of  connection  the 
syrup  admitted  from  below  passes  through  every  second  division, 
while  water  admitted  above  also  passes  through  every  second  space, 
and  at  last  flows  off  below  at  a  strength  of  1°  to  2^  Baum6,  or,  say,  1^ 
to  2\°  TwaddelL  Owing  to  the  high  diffusive  power  of  the  salts  as 
compared  with  that  of  sugar,  the  former  readily  pass  through, 
together  with  only  a  comparatively  small  proportion  of  the  sugar, 
which  may  be  saved,  as  before,  by  fermentation.  This  will  no  doubt 
appear  to  many  too  delicate  a  process  for  a  work  on  the  large  scale, 
but  experience  has  proved  that  it  works  well,  and  that  six  such 
machines  are  sufficient  for  a  fahriqku  working  daily  250,000  kilo- 
grammes, or  about  250  tons  of  beets.  The  same  inventor  has  also 
another  process  intended  for  the  same  object — that  of  separating  the 
sugar  from  the  alkaline  salta  The  sugar  is  thrown  down  as  a  sucrate 
of  barium,  by  the  addition  of  sulphide  of  barium,  and  the  precipitate, 
after  being  washed,  is  decomposed  by  a  current  of  sulphurous  gas, 
which  forms  the  insoluble  sulphite  of  barium,  and  sets  free  the  sugar. 
Traces  of  baryta  in  the  liquor  are  afterwards  got  rid  of  by  a  cur- 
rent of  carbonic  gas  or  a  little  solution  of  alum.  This  process,  like 
that  of  Scoffem  for  the  refining  of  sugar,  introduces  a  poisonous 
substance,  but  there  is  no  difficulty  whatever  of  getting  rid  of  it 
completely. 

Altogether,  the  pei-fection  of  the  beet-root  sugar  manufiicture  con- 
trasts strongly  with  that  of  cane  sugar,  and  the  comparison  presents 
in  a  striking  light  the  effects  of  Government  encouragement  to  men 
of  science  in  improving  the  useful  arts,  compared  with  the  cold  and 
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sdfifih  neglect  of  sucb  men  in  this  country,  where  all  improyements 
are  left  to  be  wrought  out  by  inventors  and  patentees  who  have  only 
their  own  private  ends  to  serye,  and  who  are  seldom  scientific  men 
deserving  the  name. 

And  now,  before  dismissing  the  subject  of  beet  sugar,  I  wish  to  say 
a  few  words  about  the  French  sugar  duties,  and  their  influence  on 
British  refiners.  These  duties  are  much  higher  than  the  English, 
being — Nos.  7  to  13,  42  francs  for  100  kilogrammes,  or  something 
like  17«.  per  cwt;  Nos.  14  to  19,  44  francs;  and  No.  20,  45  francs. 
Now,  the  French  have  a  curious  system  of  valuing  sugars,  and  a  very 
unfiur  one,  as  their  refiners  well  know,  and  in  which  they  greatly 
rejoice.  They  calculate  that  not  more  than  67  per  cent  of  refined 
sugar  can  be  made  of  raw  sugar  under  No.  7,  80  per  cent,  from  sugar 
from  7  to  9,  88  per  cent,  from  sugar  of  10  to  14,  and  94  per  cent, 
from  sugar  from  15  to  18.  Now,  when  a  refiner  takes  in  a  quantity 
of  sugar,  he  does  not  pay  the  duty  at  once,  but  is  debited  with  the 
amount  in  the  Grovemment  books,  and  when  he  exports  refined  sugar 
he  gets  a  document  called  an  acquity  or  bill  of  acquital,  the  effect  of 
which  is  that,  exporting  67  tons  of  refined,  he  obtains  an  acquital  for 
the  duty  of  100  tons  of  raw;  whereas  the  fact  is  he  probably  makes 
at  least  80  out  of  the  100  of  raw,  besides  a  quantity  of  syrup,  so  that 
he  has  13  per  cent,  of  sugar  and  all  the  syrup  duty  free.  There 
is  thus  a  premium  given  to  refiners  to  export  their  produce,  and 
it  comes  to  this  country  in  the  form  of  loaf  sugar  in  enormous 
quantities,  while  it  is  impossible  for  our  refiners  to  compete  with 
any  chance  of  success.  I  trust  the  attention  of  Government  will  be 
directed  to  this  subject  before  all  our  refiners  who  make  loaf  sugar 
are  ruined. 


Dr.  Wallace  here  intimated  that  he  had  only  been  able  to 
overtake  about  half  of  his  subject,  and  hoped  on  an  early  occasion 
to  devote  an  entire  evening  to  the  chemistry  of  sugar  refining.  An 
animated  discussion  followed,  chiefly  relating  to  concrete  and  to  the 
beet-root  industry.  A  gentleman  connected  with  the  sugar  trade* 
in  Greenock  stated  that  the  growth  of  the  sugar  beet  in  this  country 
was  about  to  be  commenced  under  the  auspices  of  Mr.  Duncan,  sugar 
refiner  in  London,  and  formerly  of  Greenock.* 

*  For  the  continaation  of  the  subjecty  vide  Journal  of  the  Chemical  Society, 
voL  vii,  p.  100. 
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IIL — On  the  Methods  and  Recent  Progress  of  ISpectrum  Analysis,  Bt 
Mb.  a.  S.  Hesschel,  RA.,  F.R.A.S.,  Professor  of  Natural 
Philosophy  in  the  Andersonian  Universitj  of  Glasgow. 


Bead  before  the  Chemical  Section,  March  1,  1869. 


The  portion  of  the  solar  spectrum  which  is  most  generally  visible 
under  all  circumstances  of  the  atmosphere^  and  in  which  the  bright 
line  spectra  of  the  metals  obtained  with  the  spark  of  a  Khumkorff 
coil  are  most  distinctly  seen,  is  that  contained  between  the  Fraun- 
hofer's  dark  lines  A  and  o,  at  the  least  and  most  refrangible  ends  of  the 
spectrum  as  it  appears  in  KirchhofTs  maps,  the  last  of  which  was  pub- 
lished in  1863.     The  air-spectrum,  between  the  poles  of  an  induction 
coil,  was  subsequently  employed  by  Mr.  Huggins  in  his  researches  on 
the  spectra  of  some  of  the  chemical  elements,  published  in  the  Philoso- 
phiccU  Transactions  for  1864,  as  a  standard  of  comparison  with  the 
bright-line  spectra  of  the  metals  produced  together  with  it  in  the  induc- 
tion spark.     The  superior  heat  of  the  voltaic  arc  being  found  to 
produce  more  vivid  spectra  of  the  elements,  and  to  exhibit  lines  in 
the  violet  portion  not  usually  seen  with  the  induction  coil,  a  blue  line 
in  the  spectrum  of  lithium  was  thus  first  discovered  by  Professor 
Tyndall  in  addition  to   thQ    orange  line  which    Dr.   Bunsen   had 
detected  in  it  by  the  application  of  a  Khumkorff  coil.     To  extend 
KirchhofiTs  scale  of  reference  to  the  wider  range  of  artificial  spectra, 
the  labour  of  completing  the  map  of  the  solar  spectrum  by  delineating 
the  violet  portion,  and  comparing  it  with  the  voltaic  spectra  of  the 
chemical  elements,  was  carried  out  by  Professor  Angstrom  with  the 
assistance  of  Mr.  R.  Thal6n,  at  Upsala;  and  the  work  was  published 
in  the  Proceedings  of  the  Stockholm  Academy  for  February,  1865. 
Confining  their  attention  chiefly  to  the  iron  spectrum  produced  by 
two  stout  iron  poles  of  a  Bunsen  battery  of  fifty  cells,  the  spectrum  of 
this  metal  was  found  to  contain  so  many  bright  lines,  especially  in  the 
violet  portion,  that,  in  addition  to  seventy-three  iron  lines  found  by 
Kirchhoff  and  Hoffman  to  have  counterparts  in  the  dark  solar  lin^  be- 
tween A  and  o,  about  220  were  added  to  the  number  in  that  space,  and 
170  more  between  o  and  h,  making  the  whole  number  of  iron  coin- 
cidences about  460,  to  which,  it  was  believed,  one  or  two  hundred 
might  have  been  added,  had  not  the  short  summer  and  deficient  sun- 
light in  the  high  northern  latitude  put  an  end  to  their  comparisons. 
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With  a  greater  battery  power  and  an  equally  extensive  trial  of  other 
chemical  elements,  whose  vapours  appear  to  be  present  in  the  sun,  the 
probability  was  suggested  that  the  innumerable  black  lines  of  the 
solar  spectrum,  which  still  remain  outstanding  when  those  of  iron  are 
subtracted,  may  at  length  be  accounted  for  without  assuming  the 
existence  of  chemical  elements  in  the  solar  atmosphere  with  which 
we  are  unacquainted  on  the  earth.  The  solar  character  of  four  new 
sodium  lines,  which  were  first  pointed  out,  and  their  coincidence  with 
Fraunhofer's  lines  was  suspected  by  Mr.  Huggins  in  his  researches, 
,was  confirmed;  while  the  agreement  of  a  prominent  dark  line  about 
half-way  between  o  and  H,  designated  h  by  the  authors,  with  a  fourth 
line  of  the  spectrum  of  incandescent  hydrogen  was  established, 
proving,  with  the  correspondences  of  the  other  lines  at  c,  F,  and  o,  the 
existence  of  that  element  in  the  sun.  The  metal  manganese  was 
placed  for  the  first  time  on  the  Hst  of  solar  elements,  and  fifty  new 
correspondences  of  calcium  lines  were  noted  in  addition  to  those 
already  previously  observed  by  Kirchho£  In  a  Swedish  work  on 
spectrum  analysis,*  published  in  the  following  year,  Mr.  Thal^n  has 
compiled  a  very  complete  chart  of  spectra  of  the  chemical  elements, 
referred,  like  the  above-mentioned  chart  of  Mr.  Huggins,  to  the 
bright  lines  of  incandescent  air,  and  continued,  as  far  as  they  could  be 
traced,  to  the  violet  end  of  the  spectrum.  It  will  easily  be  perceived 
that  the  addition  of  so  many  characteristic  bright  lines  in  the  spectra 
of  the  chemical  elements,  by  the  use  of  the  voltaic  arc,  by  giving 
greater  certainty  to  the  results,  £sicilitates,  in  a  corresponding  degree, 
the  practical  applications  of  the  spectroscope.  Moreover,  in  order  to 
establish  a  natural  scale  for  the  uniform  representation  of  artificial 
spectra.  Professor  Angstrom  last  year  published  a  Normal  Atlas  of 
the  Solar  Spectrum,t  in  which  the  wave  lengths  of  the  Fraunhofer 
lines  are  employed  to  delineate  them,  so  that  the  spaces  between 
them  represent  the  differences  of  their  wave  lengths  enlarged  to  ten 
million  times  their  natural  dimensions.  The  most  refrangible  Fraun- 
hofer line,  H,  occupies  a  point  at  3,933  millimetres,  and  the  least 
refrangible  line,  a,  a  point  at  7,185  millimetres  on  the  map,  which 
are  ten  million  times  the  wave  lengths  of  those  lines ;  and  the  entire 
map,  consisting  of  six  plates  of  two  lines  each,  is  11  feet  6  inches  in 
length.  The  violet  end  of  the  spectrum  in  this  projection  is  more 
compressed,  and  the  red  end  more  expanded,  than  corresponds  to 

*  SpectralanalySj  Exposi  och  HUtorik;  Med  en  SpeJOrelkarta,  Af  Rob. 
Thal^n,  Upsala,  Edqniat  k  Berglond,  1866. 

t  Spectre  Normal  du  SoleU,  par  A.  J.  Angstrom,  Upsal,  1868.  The 
plates  are  drawn  by  Mr.  Thal^n. 
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their  natural  appearance.  If,  however,  in  place  of  the  wave  lengths 
the  number  of  impulses  in  a  second,  or  their  scale  of  pitch,  as  in 
musical  notes,  were  employed  for  projecting  the  Fraunhofer^s  lines,  a 
nearly  natural  representation  of  the  prismatic  spectrum  would  be 
obtained;  and  the  above  objection  to  the  use  of  the  normal  scale, 
which  may  not,  however,  be  of  very  great  theoretical  importance, 
might  yet  practically  be  removed  with  some  advantage.  A  series  of 
elementary  bright  line  spectra,  showing  their  counterparts  among  the 
solar  lines,  is  laid  down  in  the  margin  of  the  map,  with  the  following 
numbers  of  the  corresponding  lines  of  each,  in  their  correct  places  on 
the  scale,  viz.: — Iron,  450;  titanium,  116;  calcium,  68;  manganese, 
63;  nickel,  35;  cobalt,  19;  chromium,  18;  barium,  10;  sodium,  9;* 
magnesium,  7;  copper,  7;  zinc  (blue  lines),  2;  aluminium  (violet 
lines),  2 ;  hydrogen,  4.  By  a  series  of  remarkable  coincidences,  if  not 
of  absolute  agreements,  twenty-four  lines  of  titanium,  twenty-one  of 
calcium,  and  four  lines  of  manganese,  are  represented  in  the  map  as 
corresponding  exactly  in  their  positions  with  iron  lines.  A  similar 
agreement  between  a  double  line  of  nitrogen  and  a  double  line  of 
oxygen  was  observed  by  Mr.  Huggins  in  the  spectrum  of  incandescent 
air;t  but  as  the  correspondence  appeared,  on  closer  examination,  not 
to  be  absolutely  perfect,  it  was  shown  to  be  probably  an  accidental, 
although  certainly  a  most  curious  coincidence.  In  Angstrom's 
Normal  Atlas  the  air  spectrum  is  placed  on  a  parallel  line  with  the 
s^^lar  spectrum,  extending  throughout  its  length,  so  as  to  include  the 
lines  of  the  elementary  spectra  between  them.  The  comparison  of 
the  latter  with  either  of  the  two  standard  scales  is  accordingly  made 
a  matter  of  easy  reference.  At  the  end  of  the  atlas  is  placed  a  chart 
of  the  atmospheiic  dark  lines  and  spaces  of  the  solar  spectrum,  a 
large  number  of  which  are  now  known  to  owe  their  presence  in  it  to 
the  absorption  produced  by  aqueous  vapour  in  the  earth's  atmosphere. 
This  cloudy  group  of  lines  is  well  characterized  by  Mr.  Thal^n  as 
forming  a  faint  ground,  from  which  the  true  solar  Unes  of  the 
inverted  metallic  spectra,  tolerably  deep  black  and  well-defined, 
stand  out,  as  if  seen  in  perspective,  in  strong  relief.  In  place  of  the 
four  glass  prisms  used  by  Mr.  Kirchhoff  in  his  researches,  a  single 
bisulphide  of  carbon  prism,  with  a  refracting  angle  of  60^,  a  collimator, 
and  an  astronomical  telescope  magnifying  forty  times,  were  found  to 

*  Three  of  the  new  lines  of  the  sodium  spectinm  are  double,  like  the  familiar 
D  line,  and  the  fourth  is  a  narrow  nebulous  line,  making  the  total  number  of 
nine  separate  bright  lines  in  the  spectrum  of  this  vapour. 

t  '*  Researches  on  the  Spectra  of  some  of  the  Chemical  Elements."  Philo- 
sophiceU  TraMOCtion*  for  1864,  part  iL 
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be  a  sufficiently  powerful  apparatus  to  distinguish  all  the  lines  shown 
in  Kirchhoff 's  maps,  and  to  add  to  them  the  numerous  lines  recorded 
in  the  above-mentioned  drawings  by  Mr.  Thal4n.  From  the  fore- 
going description  of  their  recent  publications,  it  will  be  seen  that  the 
operations  of  the  Swedish  observers  continue  to  afford  fresh  data  of 
practical  value  to  spectral  analysis,  as  well  as  some  very  important 
contributions  of  a  novel  and  interesting  kind  to  spectroscopic  science. 


IV. — On  the  Examination  of  the  ^^  Flame^*  of  the  Bessemer  Converter, 
By  Mb.  Thomas  Rowan,  F.C.S.,  F.R.S.S.A. 


Read  before  the  Chemical  Section,  March  29,  1869. 


The  Bessemer  process  for  the  manufacture  of  steel  is  now  among  the 
most  important  of  our  metallurgical  operations,  the  chemical  changes 
which  it  exhibits  being  as  interesting  as  the  mechanical  appliances 
designed  for  the  working  of  the  process  are  ingenious.  On  account  of 
its  comparatively  recent  introduction  among  established  industries,  it 
affords  an  ample  field  for  scientific  investigation;  and  there  is  no 
feature  of  the  process  which  is  at  once  so  interesting  and  important  as 
that  of  the  flame  which  issues  from  the  "  converting  vesseL" 

The  success  of  a  "  blow  **  undoubtedly  depends  on  the  accuracy  and 
completeness  of  many  details;  but  of  them  all,  the  most  important  is 
to  know  and  catch  that  moment  in  the  existence  of  the  flame  when 
the  carbon  in  the  iron  has  yielded  its  last  trace  to  the  oxygen  of  the 
air. 

If  a  charge  is ''  over-blown  " — that  is,  if  it  be  subjected  to  the  action 
of  the  air  for  too  long  a  period ;  or  if  it  be  "  under-blown  " — ^that  is,  if 
the  admission  of  air  is  stopped  before  the  proper  chemical  action  has 
been  completed — t^e  steel  will  be  found  to  be  defective  in  proportion 
to  its  unskilful  treatment. 

The  flame  issuing  from  the  converter  is  the  index  of  these  changes 
which  the  molten  mass  of  metal  is  undergoing  during  the  process;  but 
the  exact  moment  of  decarbiurization  is  often,  from  a  variety  of  causes, 
difficult  to  determine. 

It  is  for  these  reasons  that  the  examination  of  the  flame  forms  the 
point  of  attraction  of  the  process;  and  I  have  thought  it  might  not 
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application,  and  answers  the  purpose  perfectly  well.  The  use  of 
sulphurous  acid  is  to  prevent  fermentation  in  the  juice  when  weak — 
after  it  has  acquired  a  tolerably  high  density  there  is  comparatively 
little  tendency  to  ferment  The  employment  of  various  forms  of 
evaporators  in  which  steam  is  the  heating  power  has  also  greatly 
improved  the  character  of  our  colonial  produce;  but  unfortunately 
our  sliding  scale  of  duties  offers,  as  it  were,  a  premium  to  planters  to 
produce  a  dark-coloured  sugar,  for  the  finer  the  colour  the  higher  is 
the  duty.  The  duties  charged  upon  sugar  entering  the  ports  of 
the  United  Kingdom  are  as  follows,  the  various  numbers  referring 
to  arbitrary  standards;  formerly  the  Dutch  standards  were  in  use,  of 
which  No.  6  is  an  extremely  low  sugar — ^in  facty  almost  black — and 
Na  20  is  pure  white : —  * 


Befined  Sugar, . 

No.  1  (above  Ka  15,  D.S.), 
„   2  (  from  11  to  16,  D.S.), 
„   3(    „      9toll,  D.&), 
„   4  (below  9,  D.S.),      . 

MoUsBefl,. 


12s,        per  cwt. 
lU  2d. 
I0s.6d. 

9$.  Id. 

Ss, 

S8.ed. 


The  evaporators  referred  to  are  all  constructed  upon  the  principle  of 
taking  up  a  quantity  of  the  liquor  in  a  hot  state  and  exposing  it  to 
the  air;  in  one  form  of  it  we  have  a  reel  of  pipes  connected  by  drums 
or  discs  at  each  end,  with  steam  passing  through,  and  as  the  reel 
revolves  one-half  the  pipes  ai*e  in  the  liquor  and  the  other  half  in  the 
air,  with  a  thin  coating  of  the  liquor  upon  them ;  in  another  form  of 
the  apparatus  a  series  of  flat  hollow  discs,  kept  filled  with  steam,  are 
fitted  to  a  hollow  axis  by  which  the  discs  are  revolved  constantly, 
one-half  in  the  liquor,  the  other  half  in  the  air.  Vacuum  pans  are 
now  largely  used  in  the  colonies,  but  the  product  obtained  with  them 
—at  least,  the  first  crop  of  sugar — is  more  suitable  for  direct  con- 
sumption than  for  refining.  In  the  ordinary  mode  of  boiling  down^ 
only  one  crop  of  sugar  is  obtained,  but  when  a  vacuum  pan  is  used, 
and  the  process  is  otherwise  carefuUy  conducted,  two  crops  may  ^be 
had.  Thus  in  Mauritius  there  is  prepared,  first  a  fine  hard-grained 
sugar  largely  used  in  England  for  domestic  purposes  (in  Scotland  raw 
sugar  is  only  used  for  refining),  and  next  what  is  called  "syrup- 
Mauritius  sugar,'*  used  by  refiners.  The  molasses  in  this  case  are  not 
very  good,  at  least  if  I  may  judge  from  the  rum  that  is  imported  from 
Mauritius.  It  has  been  attempted  to  make  refined  sugar  in  the 
colonies  direct  from  the  juice,  but  without  much  succesa  The  scarcity 
of  skilled  labour,  the  deamess  of  fuel,  and  in  many  cases  the  want  of 
a  copious  supply  of  pure  water,  Have  all  oi)erated  against  the  realization 
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of  this  scheme,  and  practically  the  idea  has  been  abandoned.  The 
next  best  thing  would  appear  to  be  to  boil  down  the  whole  juice  in 
such  a  manner  as  not  to  destroy  it,  and  then  bring  it  to  this  country 
to  be  refined;  and  this  is  the  principle  of  Mr.  Alfred  Fryer's  concretor. 
This  is  an  apparatus  which  has  for  its  object  the  boiling  down  the 
joice,  as  soon  as  it  is  expressed,  with  great  rapidity,  so  as  to  prevent 
fermentation,  and  in  such  a  manner  as  not  to  affect  the  colour  by  too 
high  a  temperature.  The  juice  is  poured  on  to  one  end  of  a  nearly 
flat  iron  table  with  ridges  placed  across  it,  so  that  the  liquor  travels 
from  side  to  side  about  sixty  times  before  it  reaches  the  bottom  of  the 
inclined  plane,  the  length  of  which  is  about  48  feet,  and  the  breadth 
6  feet.  A  furnace  is  placed  at  that  end  of  the  machine  where  the 
liquor  enters,  and  the  flame  travels  down  to  the  lower  end  where  the 
waste  gases  are  utilized  in  heating  a  current  of  air  which  is  afterwards 
passed,  first  through  the  inside  of  a  cylinder  placed  upon  its  side  and 
revolving  so  as  to  keep  a  fresh  portion  of  juice  always  exposed  to  the 
heated  air,  the  temperature  of  which  is  about  350°  Fahr.,  and  then  in 
the  opposite  direction  over  the  surface  of  the  evaporating  liquor,  the 
air  being  impeUed  by  a  fan.  The  flow  of  juice  at  the  upper  end  is 
regulated  so  that  the  evaporated  liquor  escapes  at  the  end  at  25°  or 
30°  Baum6,  and  after  passing  through  the  cylinder,  forms,  on  cooling,  a 
tolerably  hard  dry  cake,  containing  only  6  to  8  per  cent,  of  water. 
This  product  is  concrete.  It  has  been  said  that  cane  juice  contains 
no  fruit  sugar,  but  if  this  is  the  case  with  the  canes  as  they  are 
growing,  it  certainly  does  not  hold  in  the  case  of  the  expressed  juice, 
for  the  concrete,  according  to  numerous  analyses  I  have  made,  con- 
tains from  4  to  12  per  cent,  of  fruit  sugar,  averaging  at  least  7,  and 
the  inferior  lots  are,  therefore,  unsuitable  for  refining  on  the  Greenock 
system  of  putting  out  no  syrup.*  Mr.  Fryer's  process  is  an  admirable 
and  a  most  valuable  one ;  only  I  think  it  is,  in  the  case  of  bad  juice, 
carried  too  far.  If  the  juice,  when  bad  in  quality,  were  allowed  to 
leave  the  apparatus  with  15  to  20  per  cent,  of  water  in  it,  and  the 
cooled  product  were  drained  or  put  through  centrifugal  machines,  an 
article  would  be  obtained  which  would  contain  a  very  moderate 
proportion  of  uncrystallizable  sugar  and  very  suitable  for  refining, 
while  the  molasses  would  only  amount  to  about  15  or  20  per  cent,  of 
the  total  produce.  The  advantages  of  the  concrete  are — gi*eat  rapidity 
of  production ;  prevention  of  the  formation  of  fruit  sugar  and  coloured 
products;  the  almost  entire  absence  of  loss  from  drainage  during  the 

*  The  imports  of  concrete  from  Antigua  this  year  have  contained  an  average 
of  only  4*2  per  cent,  fruit  sugar,  according  to  Mr.  Fryer,  but  the  produce  of 
some  of  the  other  islands  has  not  been  so  good. 
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voyage  to  this  country;  the  obtaining  the  entire  product  of  the  juice 
without  loss;  and  the  lessening  to  a  large  extent  of  the  labour 
formerly  required. 

In  the  East  Indies  a  considerable  quantity  of  sugar  is  made  from  a 
kind  of  palm  tree,  and  from  another  tree  which  yields  what  is  called 
jaggary  sugar;  but  it  is  not  necessary  for  me  to  describe  the  processes. 
Maple  sugar  is  made  in  Canada,  but  only  in  small  quantities,  and  the 
consumption  of  it  is  chiefly  confined  to  the  locality  where  it  is  mada 

I  cannot,  however,  avoid  referring  at  some  length  to  the  manu- 
facture of  sugar  from  beet-root,  an  industry  of  recent  origin,  brought 
into  existence  by  what  may  be  called  accidental  circumstances,  but 
one  that  has  arrived  in  a  marvellously  short  time  to  a  state  of  high 
perfection.  Our  refiners  have  adopted  many  valuable  improvements 
from  their  Continental  neighbours,  and  although  as  refiners  only  they 
may  consider  themselves  inferior  to  none  in  the  world,  they  cannot 
afford  to  remain  in  ignorance  of  any  improvements  introduced  into 
the  fabrication  of  beet  sugar. 

When  the  beets  are  brought  to  the  fabrique  with  their  heads  and 
tails  cut  ofi^  they  are  at  once  sent  up  by  an  elevator  to  a  washing 
machine,  which  is  a  cylinder  into  which  the  beets  enter  at  one  end 
and  come  out  sufficiently  washed  at  the  other.  They  are  next 
brought  in  contact  with  a  rasping  machine,  consisting  of  a  cylinder 
about  18  inches  in  diameter  with  small  teeth  upon  its  circumference, 
revolving  at  about  1,200  revolutions  per  minute,  by  which  they  are 
reduced,  with  extreme  rapidity,  to  a  very  fine  pulp.  The  pulp,  as 
quickly  as  it  is  produced,  is  placed  in  small  bags,  holding  probably 
about  30  lbs.  each,  and  these  are  subjected,  between  stout  sheet-iron 
plates,  to  the  action  of  a  screw  press,  and  afterwards  to  that  of 
another  press,  where,  by  hydraulic  power,  the  juice  is  very  thoroughly 
squeezed  out,  leaving  the  pulp  almost  dry.  The  juice  is  passed 
immediately  to  a  mont-jtts,  in  which  to  every  hectolitre  of  juice  is 
added  10  litres  of  milk  of  lime  of  25°  Baum6  (about  1*2  sp.  gr.,  or  40° 
TwaddeU).  When  full,  the  mont-jus  is  closed  and  steam  injected,  by 
which  the  mixture  is  sent  up  to  a  higher  flat,  and  into  a^ vessel  where 
the  first  carbonatation  is  effected.  In  this  vessel  the  liquor  is  heated, 
but  not  boiled,  and  carbonic  anhydride,  made  by  decomposing  lime- 
stone by  heat,  is  injected  by  a  pipe  placed  at  the  bottom  of  the  vessel 
and  pierced  with  holes.  The  passage  of  the  gas  occupies  about 
twenty  minutes;  the  liquor  is  examined  from  time  to  time,  and  when 
the  calcic  carbonate  formed  appears  grainy  and  settles  readily,  the 
process  is  finished.  The  liquor,  at  first  of  a  red  colour  and  muddy,  is 
now  nearly  colourless  and  pretty  clear.     The  whole  contents  of  the 
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carbonatation  vessel  are  mn  into  a  cistern,  and  the  calcic  carbonate 
and  impurities  carried  with  it  allowed  to  settle  down,  after  which 
the  clear  liquor  is  transferred  to  a  mont-jus,  in  which  it  is  mixed 
with  1  litre  of  milk  of  lime  of  25°  Baum6  to  every  hectolitre  of 
juice,  and  this  is  followed  by  a  second  treatment  with  carbonic 
gas.  The  liquor,  after  settling,  is  filtered  through  animal  charcoal, 
after  which  it  passes,  at  a  strength  of  3°  to  4*^  Baum6,  into  the 
peculiar  apparatus  used  for  evaporation,  called  the  triple  effety  or 
triple  effect,  although  the  translation  does  not  convey  the  exact 
meaning  of  the  original  It  is,  in  &ct,  a  series  of  three  vacuum  pans, 
all  connected  together;  the  weak  liquor,  as  it  is  evaporated  in  the 
firsts  being  after  a  time  transferred  to  the  second,  and  the  contents  of 
the  second  to  the  third,  from  which  at  last  it  is  drawn  off  at  a  gravity 
of  20°  to  26^  Baum6.  The  pans  are  upright  cylinders,  about  10  feet 
high  and  about  4  or  5  feet  wide,  and  the  construction  is  similar  to  that 
of  an  upright  multitubular  boiler.  Steam  (sometimes  waste  steam 
from  a  high-pressure  engine)  is  admitted  to  the  first  of  the  three  pans, 
which  is  boiled  at  a  vacuum  of  about  7  inches ;  the  steam  from  this 
pan  (that  is,  the  steam  from  the  sugar  liquor)  heats  the  second  one, 
which  is  boiled  at  about  14  inches  of  vacuum,  and  the  st^am  from 
this  heats  the  third,  which  is  boiled  at  as  complete  a  vacuum  as  can 
be  obtained,  say  27  to  28  inches.  The  saving  of  fuel  effected  by  the 
use  of  this  combination,  as  compared  with  that  of  a  single  vacuum 
pan,  is  about  a  third — that  is  to  say,  2  tons  of  fuel  with  this  system 
evaporate  as  much  water  as  three  tons  with  the  ordinary  vacuum  pan. 
It  is  not  adapted,  however,  to  the  strong  liquors  of  a  refinery,  or  the 
rapid  boiling  then  required,  so  that  I  do  not  see  how  we  can  profit 
by  this  experience  of  our  ingenious  French  neighbours,  unless, 
perhaps,  it  might  be  in  boiling  down  char  washings. 

From  the  tripU  effel  the  evaporated  juice  is  elevated  by  a  mont- 
jt&s  to  a  cistern,  where  it  is  heated  to  boiling,  then  passed  through 
animal  charcoal,  and  lastly  boiled  down  to  a  grain  in  a  vacuum  pan 
of  the  usual  construction.  An  almost  perfectly  white  sugar  is 
obtained,  and  the  syrup  is  boiled  over  again,  and  so  on  three,  four,  or 
five  times,  the  product  becoming  gradually  darker  in  colour  and  more 
contaminated  with  alkaline  salts  and  organic  impurities.  The  last 
crop  of  sugar  is  allowed  to  stand  in  cisterns  for  several  weeks,  in 
order  to  crystallize,  as  the  salts  retard  considerably  the  crystallization 
of  the  sugar.  The  beet  sugar  that  comes  to  this  country  for  refining 
purposes  is,  I  believe,  the  third  or  fourth  crop,  and  contains  from  1^ 
to  4  per  cent,  of  alkaline  salts,  there  being  sometimes  a  very  consider- 
able quantity  of  nitrates  present.    The  syrup  drained  from  the  last 
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crop,  or  beet-root  molasses,  is  a  very  impure  substance.  It  bas  a  gravitj 
of  about  1  '4c,  and,  according  to  my  own  analyses,  contains  about  50 
per  cent,  cane  sugar,  about  0*5  per  cent  fruit  sugar,  about  13  per  cent, 
of  extractive,  gummy,  and  other  vegetable  matters,  and  13  per  cent,  of 
salts,  chiefly  of  potassium,  the  remainder  being  water.  Until  a  year  or 
two  since  this  molasses,  being  unfit  for  food,  was  fermented,  and  a 
coarse  kind  of  spirit  made  firom  it,  while  the  residue  in  the  still  was 
boiled  down  and  calcined  to  obtain  salts  of  potassium,  the  most  valu- 
able of  these  being  th6  carbonate.  But  by  a  most  beautiful  adaptation 
of  Graham's  dialyser,  by  Dubrunfaut,  the  salts  are  to  a  large  extent 
removed,  after  which  the  greater  part  of  the  sugar  can  be  crystallized 
out.  The  apparatus  is  called  the  Osmogene,  and  consists  of  about  fifty 
cells,  separated  by  sheets  of  parchment-paper,  laid  flat  and  connected 
at  the  edges  all  round,  the  space  between  each  pair  of  sheets  being 
fuUy  half  an  inch.  Each  sheet  is  supported  by  a  cross  piece  of  wood 
and  a  network  of  twine.  The  whole  arrangement  is  about  4  feet 
long  and  3  feet  high.  By  a  peculiar  arrangement  of  connection  the 
syrup  admitted  from  below  passes  through  every  second  division, 
while  water  admitted  above  also  passes  through  every  second  space, 
and  at  last  flows  off  below  at  a  strength  of  V  to  2°  Baum6,  or,  say,  1^ 
to  2^°  TwaddelL  Owing  to  the  high  diffusive  power  of  the  salts  as 
compared  with  that  of  sugar,  the  foimer  readily  pass  through, 
together  with  only  a  comparatively  small  proportion  of  the  sugar, 
which  may  be  saved,  as  before,  by  fermentation.  This  will  no  doubt 
appear  to  many  too  delicate  a  process  for  a  work  on  the  large  scale, 
but  experience  has  proved  that  it  works  well,  and  that  six  such 
machines  are  sufficient  for  a  fabrigue  working  daily  250,000  kilo- 
grammes, or  about  250  tons  of  beets.  The  same  inventor  has  also 
another  process  intended  for  the  same  object — that  of  separating  the 
sugar  from  the  alkaline  salts.  The  sugar  is  thrown  down  as  a  sucrate 
of  barium,  by  the  addition  of  sulphide  of  barium,  and  the  precipitate, 
after  being  washed,  is  decomposed  by  a  current  of  sulphurous  gas, 
which  forms  the  insoluble  sulphite  of  barium,  and  sets  free  the  sugar. 
Traces  of  baryta  in  the  liquor  are  afterwards  got  rid  of  by  a  cur- 
rent of  carbonic  gas  or  a  little  solution  of  alum.  This  pix>cess,  like 
that  of  Scoffem  for  the  refining  of  sugar,  introduces  a  poisonous 
substance,  but  there  is  no  difficulty  whatever  of  getting  rid  of  it 
completely. 

Altogether,  the  perfection  of  the  beet-root  sugar  manufacture  con- 
trasts strongly  with  that  of  cane  sugar,  and  the  comparison  presents 
in  a  striking  light  the  effects  of  Government  encouragement  to  men 
of  science  in  improving  the  useful  arts,  compared  with  the  cold  and 
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sdfish  neglect  of  such  men  in  this  oountry,  where  all  improyements 
are  left  to  be  wrought  out  by  inventors  and  patentees  who  have  onlj 
their  own  private  ends  to  serye,  and  who  are  seldom  scientific  men 
deserving  the  name. 

And  now,  before  dismissing  the  subject  of  beet  sugar,  I  wish  to  saj 
a  few  words  about  the  French  sugar  duties,  and  their  influence  on 
British  refiners.  These  duties  are  much  higher  than  the  English, 
being — Nos.  7  to  13,  42  francs  for  100  kilogrammes,  or  something 
like  17«.  per  cwt;  Nos.  14  to  19,  44  francs;  and  No.  20,  45  francs. 
Now,  the  French  have  a  curious  system  of  valuing  sugars,  and  a  very 
trnfidr  one,  as  their  refiners  well  know,  and  in  which  they  greatly 
rejoice.  They  calculate  that  not  more  than  67  per  cent  of  refined 
sugar  can  be  made  of  raw  sugar  under  No.  7,  80  per  cent,  from  sugar 
from  7  to  9,  88  per  cent,  from  sugar  of  10  to  14,  and  94  per  cent, 
from  sugar  from  15  to  18.  Now,  when  a  refiner  takes  in  a  quantity 
of  sugar,  he  does  not  pay  the  duty  at  once,  but  is  debited  with  the 
amount  in  the  Grovernment  books,  and  when  he  exports  refined  sugar 
he  gets  a  document  called  an  acquit y  or  bill  of  acquital,  the  effect  of 
which  is  that,  exporting  67  tons  of  refined,  he  obtains  an  acquital  for 
the  duty  of  100  tons  of  raw;  whereas  the  fact  is  he  probably  makes 
at  least  80  out  of  the  100  of  raw,  besides  a  quantity  of  syrup,  so  that 
he  has  13  per  cent,  of  sugar  and  all  the  syrup  duty  free.  There 
is  thus  a  premium  given  to  refiners  to  export  their  produce,  and 
it  comes  to  this  country  in  the  form  of  loaf  sugar  in  enormous 
quantities,  while  it  is  impossible  for  our  refiners  to  compete  with 
any  chance  of  success.  I  trust  the  attention  of  Government  will  be 
directed  to  this  subject  before  all  our  refiners  who  make  loaf  sugar 
are  ruined. 


Dr.  Wallace  here  intimated  that  he  had  only  been  able  to 
overtake  about  half  of  his  subject,  and  hoped  on  an  early  occasion 
to  devote  an  entire  evening  to  the  chemistry  of  sugar  refining.  An 
animated  discussion  followed,  chiefly  relating  to  concrete  and  to  the 
beet-root  industry.  A  gentleman  connected  with  the  sugar  trade- 
in  Greenock  stated  that  the  growth  of  the  sugar  beet  in  this  country 
was  about  to  be  commenced  under  the  auspices  of  Mr.  Duncan,  sugar 
refiner  in  London,  and  formerly  of  Greenock.* 

*  For  the  continaation  of  the  subject,  vide  Journal  of  the  Chemical  8ociHy, 
voL  vii,  p.  100. 
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III. — On  the  Methods  and  Recent  Progress  of  ISpedrum  Analysts,  Bt 
Mb.  a.  S.  Hebschel,  B.A.,  F.RA.S.,  Professor  of  Natural 
Philosophy  in  the  Andersonian  Universitj  of  Glasgow. 


Bead  before  the  Chemical  Section,  March  1,  1869. 


The  portion  of  the  solar  spectrum  which  is  most  generally  visible 
under  all  circumstances  of  the  atmosphere^  and  in  which  the  bright 
line  spectra  of  the  metals  obtained  with  the  spark  of  a  Khumkorff 
coil  are  most  distinctly  seen,  is  that  contained  between  the  Fraun- 
hofer's  dark  lines  a  and  o,  at  the  least  and  most  refrangible  ends  of  the 
spectrum  as  it  appears  in  KirchhofTs  maps,  the  last  of  which  was  pub- 
lished in  1863.     The  air-spectrum,  between  the  poles  of  an  induction 
coil,  was  subsequently  employed  by  Mr.  Huggins  in  his  researches  on 
the  spectra  of  some  of  the  chemical  elements,  published  in  the  PhilosO' 
phical  Tra/nsactions  for  1864,  as  a  standard  of  comparison  with  the 
bright-line  spectra  of  the  metals  produced  together  with  it  in  the  induc- 
tion spark.     The  superior  heat  of  the  voltaic  arc  being  found  to 
produce  more  vivid  spectra  of  the  elements,  and  to  exhibit  lines  in 
the  violet  portion  not  usually  seen  with  the  induction  coil,  a  blue  line 
in  the  spectrum  of  lithium  was  thus  first  discovered  by  Professor 
Tyndall  in  addition  to  th^    orange  line  which   Dr.   Bunsen  had 
detected  in  it  by  the  application  of  a  Khumkorff  coil.     To  extend 
Kirchhoff's  scale  of  reference  to  the  wider  range  of  artificial  spectra, 
the  labour  of  completing  the  map  of  the  solar  spectrum  by  delineating 
the  violet  portion,  and  comparing  it  with  the  voltaic  spectra  of  the 
chemical  elements,  was  carried  out  by  Professor  Angstrom  with  the 
assistance  of  Mr.  R,  Thal6n,  at  Upsala;  and  the  work  was  published 
in  the  Proceedings  of  the  Stockholm  Academy  for  February,  1865. 
Confining  their  attention  chiefly  to  the  iron  spectrum  produced  by 
two  stout  iron  poles  of  a  Bunsen  battery  of  fifty  cells,  the  spectrum  of 
this  metal  was  found  to  contain  so  many  bright  lines,  especially  in  the 
violet  portion,  that,  in  addition  to  seventy-three  iron  lines  found  by 
Kirchhoff  and  Hoffman  to  have  counterparts  in  the  dark  solar  lines  be- 
tween A  and  o,  about  220  were  added  to  the  number  in  that  space,  and 
170  more  between  G  and  h,  making  the  whole  number  of  iron  coin- 
cidences about  460,  to  which,  it  was  believed,  one  or  two  hundred 
might  have  been  added,  had  not  the  short  summer  and  deficient  sun- 
light in  the  high  northern  latitude  put  an  end  to  their  comparisons. 
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With  a  greater  battery  power  and  an  equally  extensiye  trial  of  other 
chemical  elements,  whose  vapoars  appear  to  be  present  in  the  son,  the 
probability  was  suggested  that  the  innumerable  black  lines  of  the 
solar  spectrum,  which  still  remain  outstanding  when  those  of  iron  are 
subtracted,  may  at  length  be  accounted  for  without  assuming  the 
existence  of  chemical  elements  in  the  solar  atmosphere  with  which 
we  are  unacquainted  on  the  earth.  The  solar  character  of  four  new 
sodium  lines,  which  were  first  pointed  out,  and  their  coincidence  with 
Fraunhofer*s  lines  was  suspected  by  Mr.  Huggins  in  his  researches^ 
,was  confirmed;  while  the  agreement  of  a  prominent  dark  line  about 
half-way  between  o  and  H,  designated  h  by  the  authors,  with  a  fourth 
line  of  the  spectrum  of  incandescent  hydrogen  was  established, 
proving,  with  the  correspondences  of  the  other  lines  at  c,  f,  and  o,  the 
existence  of  that  element  in  the  sun.  The  metal  manganese  was 
placed  for  the  first  time  on  the  Hst  of  solar  elements,  and  fifty  new 
correspondences  of  calcium  lines  were  noted  in  addition  to  those 
already  previously  observed  by  Kirohho£  In  a  Swedish  work  on 
spectrum  analysis,*  published  in  the  following  year,  Mr.  Thal^n  has 
compiled  a  very  complete  chart  of  spectra  of  the  chemical  elements, 
referred,  like  the  above-mentioned  chart  of  Mr.  Huggins,  to  the 
bright  lines  of  incandescent  air,  and  continued,  as  far  as  they  could  be 
traced,  to  the  violet  end  of  the  spectrum.  It  will  easily  be  perceived 
that  the  addition  of  so  many  characteristic  bright  lines  in  the  spectea 
of  the  chemical  elements,  by  the  use  of  the  voltaic  arc,  by  giving 
greater  certainty  to  the  results,  facilitates,  in  a  corresponding  degree, 
the  practical  applications  of  the  spectroscope.  Moreover,  in  order  to 
establish  a  natural  scale  for  the  uniform  representation  of  artificial 
spectra.  Professor  Angstrom  last  year  published  a  Normal  Atlas  of 
the  Solar  Spectrum,t  in  which  the  wave  lengths  of  the  Fraunhofer 
lines  are  employed  to  delineate  them,  so  that  the  spaces  between 
them  represent  the  differences  of  their  wave  lengths  enlai*ged  to  ten 
million  times  their  natural  dimensions.  The  most  refrangible  Fraun- 
hofer line,  H,  occupies  a  point  at  3,933  millimetres,  and  the  least 
refrangible  line,  a,  a  point  at  7,185  millimetres  on  the  map,  which 
are  ten  million  times  the  wave  lengths  of  those  lines;  and  the  entire 
map,  consisting  of  six  plates  of  two  lines  each,  is  1 1  feet  6  inches  in 
length.  The  violet  end  of  the  spectrum  in  this  projection  is  more 
compressed,  and  the  red  end  more  expanded,  than  corresponds  to 

*  Speetndandlyt^  Expoai  oeh  Hidorik;  Med  en  SpektrtOearta.  Af  Bob. 
Thal^n,  Upeala,  Edqnist  k  Berglnnd,  186a 

t  Spectre  Xarmal  du  Solal,  par  A.  J.  Angrtr&m,  Upnl,  1868,  Tb« 
plates  are  drawn  by  Mr.  Thal^n. 
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their  nataral  appearance.  If,  however,  in  place  of  the  ware  lengths 
the  nnmber  of  impolaea  in  a  second,  or  their  scale  of  pitch,  as  in 
musical  notes,  were  employed  for  projecting  the  Frannhofei's  lines,  a 
nearly  natural  representation  of  the  prismatic  spectrum  woold  be 
obtained;  and  the  above  objection  to  the  use  of  the  normal  scale, 
which  may  not,  however,  be  of  very  great  theoretical  importance, 
might  yet  practically  be  removed  with  some  advantage.  A  series  of 
elementary  bright  line  spectra,  showing  their  counterparts  among  the 
solar  lines,  is  laid  down  in  the  margin  of  the  map,  with  the  following 
nambers  of  the  corresponding  lines  of  each,  in  their  correct  places  on 
the  scale,  viz.: — Iron,  450;  titanium,  116;  calcium,  68;  manganese, 
63;  ni<^el,  3d;  cobalt,  19;  chromium,  18;  barium,  10;  sodium,  9;* 
magnesium,  7;  copper,  7;  zinc  (blue  lines),  2;  aluminium  (violet 
lines),  2;  hydrogen,  4.  By  a  series  of  remarkable  coincidences,  if  not 
of  absolute  agreements,  twenty-four  lines  of  titanium,  twenty-one  of 
calcium,  and  four  lines  of  manganese,  are  represented  in  the  map  as 
corresponding  exactly  in  their  positions  with  iron  lines.  A  similar 
agreement  between  a  double  line  of  nitrogen  and  a  double  line  of 
oxygen  was  observed  by  Mr.  Huggins  in  the  spectrum  of  incandescent 
air;t  but  as  the  correspondence  appeared,  on  closer  examination,  not 
to  be  absolutely  perfect,  it  was  shown  to  be  probably  an  accidental, 
although  certainly  a  most  curious  coincidence.  In  Angstrom's 
Normal  Atlas  the  air  spectrum  is  placed  on  a  parallel  line  with  the 
Sf^lar  spectrum,  extending  throughout  its  length,  so  as  to  include  the 
lines  of  the  elementary  spectra  between  them.  The  comparison  of 
the  latter  with  either  of  the  two  standard  scales  is  accordingly  made 
a  matter  of  easy  reference.  At  the  end  of  the  atlas  is  placed  a  chart 
of  the  atmospheric  dark  lines  and  spaces  of  the  solar  spectrum,  a 
large  number  of  which  are  now  known  to  owe  their  presence  in  it  to 
the  absorption  produced  by  aqueous  vapour  in  the  earth's  atmosphere. 
This  cloudy  group  of  lines  is  well  characterised  by  Mr.  Thal^n  as 
forming  a  &int  ground,  from  which  the  true  solar  lines  of  the 
inverted  metallic  spectra,  tolerably  deep  black  and  well-defined, 
stand  out,  as  if  seen  in  perspective,  in  strong  relief  In  place  of  the 
four  glass  prisma  used  by  Mr.  Kirchhoff  in  his  researches,  a  single 
bisulphide  of  carbon  prism,  with  a  refracting  an^e  of  60°,  a  collimator, 
and  an  astronomical  telescope  magnifying  forty  times,  were  found  to 

*  Three  of  the  new  lines  of  the  aodiom  spectmm  are  donble,  like  the  ^miliar 
D  line,  and  the  fourth  is  a  narrow  neboloos  line,  making  the  total  nomber  of 
nine  separate  bright  lines  in  the  spectmm  of  this  vapour. 

t  "  Researches  on  the  Spectra  of  some  of  the  Chemical  Elements.^  PkUo- 
myphkcd  TratuaciionM  for  1864,  part  iL 


Mb.  Thomas  Rowan  on  the  '^Flame^  of  the  Bessemer  Converter.  41 

be  a  sufficiently  powerful  apparatus  to  distinguish  all  the  lines  shown 
in  Kirchhoff 's  maps,  and  to  add  to  them  the  numerous  lines  recorded 
in  the  above-mentioned  drawings  by  Mr.  Thal^n.  From  the  fore- 
going description  of  their  recent  publications,  it  will  be  seen  that  the 
operations  of  the  Swedish  observers  continue  to  afford  fresh  data  of 
practical  value  to  spectral  analysis,  as  well  as  some  very  important 
contributions  of  a  novel  and  interesting  kind  to  spectroscopic  science. 


IV. — On  the  Examination  of  the  ^^  Flame"  of  the  Beseemer  Converter. 
By  Mb.  Thomas  Rowan,  F.C.S.,  F.R.S.S.A. 


Read  before  the  Chemical  SectioD,  March  29,  1869. 


The  Bessemer  process  for  the  manufacture  of  steel  is  now  among  the 
most  important  of  our  metallurgical  operations,  the  chemical  changes 
which  it  exhibits  being  as  interesting  as  the  mechanical  appliances 
designed  for  the  working  of  the  process  are  ingenious.  On  account  of 
its  comparatively  recent  introduction  among  established  industries,  it 
affords  an  ample  field  for  scientific  investigation;  and  there  is  no 
feature  of  the  process  which  is  at  once  so  interesting  and  important  as 
that  of  the  flame  which  issues  from  the  ''  converting  vesseU' 

The  success  of  a  "  blow ''  undoubtedly  depends  on  the  accuracy  and 
completeness  of  many  details;  but  of  them  all,  the  most  important  is 
to  know  and  catch  that  moment  in  the  existence  of  the  flame  when 
the  carbon  in  the  iron  has  yielded  its  last  trace  to  the  oxygen  of  the 
air. 

If  a  charge  is  *'  over-blown  " — that  is,  if  it  be  subjected  to  the  action 
of  the  air  for  too  long  a  period ;  or  if  it  be  "  under-blown  " — that  is,  if 
the  admission  of  air  is  stopped  before  the  proper  chemical  action  has 
been  completed — t}ie  steel  will  be  found  to  be  defective  in  proportion 
to  its  unskilful  treatment. 

The  flame  issuing  from  the  converter  is  the  index  of  these  changes 
which  the  molten  mass  of  metal  is  undergoing  during  the  process;  but 
the  exact  moment  of  decarbunzation  is  often,  from  a  variety  of  causes, 
difficult  to  determine. 

It  is  for  these  reasons  that  the  examination  of  the  flame  forms  the 
point  of  attraction  of  the  process;  and  I  have  thought  it  might  not 
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be  dninteresting  to  the  members  of  this  Society  to  describe  to  them 
the  general  appearance  which  this  flame  presents  to  the  eye,  and 
some  experiments  which  my  brother  has  made  with  the  spectroscope 
and  with  coloured  glasses,  for  the  purpose  of  more  readily  determining 
that  critical  period  or  "change''  in  the  flame  which  I  have  spoken  o£ 
The  success  of  these  latter  experiments  has  enabled  him  to  attain  the 
object  for  which  they  were  commenced;  and  he  has  designed  an 
instrument,  which  I  shall  describe  hereafter,  by  which  the  "  change  " 
in  the  flame  is  more  easily  determined. 

Fvrat — The  Gen/BrdL  Appearance  of  the  Flame  to  the  Eye, 

When  the  vessel  is  flrst  turned  up,  a  shower  of  brilliant  sparks  is 
ejected,  owing  to  the  force  of  the  blast  reaching  flrst  a  thin  layer  of 
metal  as  the  vessel  slowly  swings  round  to  the  vertical  position. 

From  0°  to  three  or  four  minutes, 

When  the  full  head  of  metal  is  over  the  blast,  at  flrst,  for  three  or 
four  minutes,  there  is  scarcely  any  flame,  only  a  current  of  very  hot 
gases  and  very  numerous  sparks. 

From  three  or  four  to  flve  or  six  minutes. 

Gradually  a  small  pointed  flame  appears  in  the  centre  of  the  sparks, 
and  this  quickly  increases  in  size,  without  gaining  much  brilliancy  for 
two  or  three  minutes. 

Fi-om  flve  or  six  to  nine  or  ten  minutes, 

During  the  next  period  of  four  or  flve  minutes  the  flame  is  very 
unsteady,  both  in  size  and  in  position,  and  its  oscillations  are  accom- 
panied by  hollow  sounds  as  of  reports  or  explosions  in  the  interior  of 
the  converter. 

From  nine  or  ten  to  eleven  or  twelve  minutes. 

Streaks  or  flashes  of  brighter  flame  now  shoot  up  through  this 
comparatively  non-luminous  flame,  and  within  one  or  two  minutes 
give  place  to  a  continuous  stream  of  dense  and  brilliant  fire,  which 
rushes  far  up  the  chimney  and  illuminates  the  entii*e  building,  often 
casting  the  shadows  of  the  cranes,  <Scc.,  against  the  windows  through 
which  the  sun  is  shining. 

From  eleven  or  twelve  to  fifteen  or  sixteen  minutes. 

This  flame  gradually  becomes  thinner  and  more  transparent,  without 
losing  any  of  its  brilliancy,  during  the  six  or  seven  minutes  of  the 
"  blow  "  which  generally  remain,  until  it  suddenly  (preceded,  however, 
by  a  few  hollow  and  peculiar  sounds  from  the  interior  of  the  vessel) 
loses  its  brilliancy  and  much  of  its  size,  and  drops  down  within  about 
half  a  minute  to  nearly  the  size  it  had  reached  at  about  flve  minutes 
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of  the  blow;  this  flame,  however,  being  both  more  dense  and  more 
luminous  than  the  flame  at  that  earlier  period. 

Any  of  the  stages  described  may,  from  a  variety  of  causes,  be  pro- 
longed, or  an  insufficiency  of  blast,  however  caused,  may  lengthen 
the  entire  period  of  the  "  blow"  for  several  minutes;  but  the  above  is 
a  fair  average  blow  with  the  best  English  hematite  pig  iron.  If 
inferior  irons  are  used,  the  flame  at  the  change  is  more  or  less 
enveloped  in  a  dense  white  smoke,  and  the  change  is  accompanied  by 
violent  pulsations  or  "coughings"  of  the  entire  flame,  which,  under 
these  circumstances,  has  often  a  yellowish  red  colour  to  the  eye ;  all 
this  making  it  often  very  difficult,  if  not  impossible,  to  detect  the  change. 
Nervousness  or  biliousness,  by  variously  aflecting  the  sight  of  the 
observer,  may  also  render  him  unable  toi^  certainty  to  determine  the 
precise  moment  when  he  ought  to  'Hum  down";  and  there  is  a 
marked  diflerence  in  the  facility  of  obsei*vation  noticeable  between  a 
blow  taking  place  in  daylight  and  one  at  night. 

Second. — The  Appearance  qf  the  Flame  as  excunined  by  means  of  the 

Spectroscope, 

It  was  important  first  to  note  if  any  of  the  lines  belonging  to  the 
Bessemer  flame  were  to  be  found  in  the  flame  given  ofl*  from  the  coke- 
fire  used  to  heat  up  the  converter.  Several  examinations  were 
made.  The  result  of  these  was,  that  besides  the  invariable  yellow 
bright  line,  the  red  line  and  the  two  bright  green  lines  next  the 
yellow  were  occasionally  to  be  seen.  Owing,  however,  to  the  want 
of  brilliancy  in  this  flame,  the  spectrum  which  it  gave  was  very  faint, 
and  at  times  almost  invisible. 

On  first  turning  up  the  vessel,  and  for  about  four  minutes  there- 
after, the  spectroscope  showed  only  a  continuous  band  of  light  with 
the  colours  rather  hazy,  and  so  much  blended  with  one  another  as  to 
make  it  impossible  to  mark  the  junctions  of  the  diflerent  fields. 

In  from  four  to  six  minutes  flashes  of  the  yellow  line  became 
visible  (corresponding  to  the  appearance  of  tongues  of  a  bright  flame 
shooting  up  in  the  centre  of  the  dull  red  one  issuing  from  the  iliouth 
of  the  converter),  and  in  one  or  two  minutes  after  its  first  appear- 
ance this  line  became  quite  steady,  and  did  not  disappear  even  at  the 
end  of  the  "  blow.*'  Simultaneous  with  the  steadying  of  the  yellow 
line,  the  red,  yellow,  and  green  fields  became  clear  and  well-defined 
bands  of  bright  colour. 

In  half  a  minute  to  a  minute  later  a  bright  green  line  appeared 
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near  the  yellow,  following  which,  in  scarcely  ever  more  than  half  a 
minute,  a  red  line  appeared  equi-diBtant  from  the  yellow  (of  course 
on  the  opposite  side).  These  two  generally  became  steady  together 
(having  first  appeared  in  intermittent  flashes);  in  about  half  a  minute 
afler  both  were  visible.  With  the  steadying  of  th^se  two  lines,  at 
once  a  second  green  line  (bright,  and  about  the  centre  of  the  green 
field)  l)ecame  visible,  wavering  a  little  at  first  About  a  quarter  of 
a  minute  served  generally  to  steady  it,  although  sometimes  it  was 
a  minute  and  a  half  from  the  appearance  of  the  first  green  line  till 
the  second  green  line,  with  the  red,  became  steady. 

In  one  to  two  minutes  a  third  green  line  nearer  the  blue  field  came 
into  view,  and  in  about  one  minute  was  steady.  When  the  red 
appeared  with  the  first  green  line,  the  second  and  third  green  lines 
generally  appeared  together;  but  when  the  red  appeared  with  the 
second  green  line,  the  third  green  was  accompanied  by  a  blue  bright 
line  near  the  green  field.  In  about  ten  minutes  after  turning  up  the 
converter  the  flame  attained  its  maximum  size  and  intensity  of  light, 
when  a  secoud  and  a  third  bright  line  became  visible  in  the  blue 
field.  Very  often  these  were  only  intermittent  and  very  faint;  but 
with  *'  hot  metal'*  and  a  bright  flame  they  were  pretty  steady  and  dis- 
tinct, and  were  broader  than  those  in  the  yellow,  green,  and  red  fields. 

Occasionally,  for  about  two  or  three  minutes  before  the  close  of  the 
''blow,"  a  bright  line  was  seen  in  the  purple  field,  pretty  far  to  the  right 
of  the  spectrum.  Sometimes  this  only  flashed  brightly,  but  on  a  few 
occasions  it  was  clearly  seen,  though  faint. 

With  a  very  bright  flame  several  dark  lines  were  seen ;  but  for  want 
of  definiteness  it  was  impossible  to  say  whether  they  were  not  due  to 
the  contrast  aflbrded  by  the  brilliancy  of  the  bright  ones  beside  which 
they  appeared.  A  narrow  dark  line  was  seen  on  each  side  of  the  red 
line,  and  a  broad  dark  band  dividing  the  yellow  from  the  green. 
Then  one  between  each  green  line,  and  two  in  the  blue  field  between 
the  three  blue  lines.  But  these  were  only  seen  with  an  exceptionally 
bright  flame,  and  therefore  are  not  of  much  importance. 

All  the  bright  lines  visible  remained  steady  for  several  minutes 
before  the  close  of  the  "  blow,''  affording  an  excellent  opportunity  for 
their  examination;  but  at  the  last  all  (with  the  exception  of  the 
yellow)  faded  in  less  than  thirty  seconds.  The  purple  line  disappeared 
first  (whenever  it  happened  to  be  visible),  then  the  three  blue  lines  in 
the  inverted  order  of  their  appearance,  then  the  third  green,  after 
which  the  second,  then  the  red,  and  last  of  all  the  first  green,  when 
the  blast  was  shut  off. 

The  green  and  the  red  lines,  from  their  distiuctness,  afforded  the 
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beet  point  for  a  determination  of  the  process;  and  these  were  so 
constant  that  a  sure  indication  could  always  be  given  by  any  of  them, 
if  it  were  made  the  index  by  which  to  determine  the  period  of  blowing. 
Yery  often,  on  adding  the  charge  of  spiegeleisen,  a  large  and  very 
brilliant  flame  roshed  out  of  the  converter  for  some  minutes,  and 
on  examining  it  the  red,  yellow,  three  green,  and  a  very  brilliant 
purple  line  were  seen,  but  no  blue  lines. 

Third, — Some  Expervm/erUs  on  the  Examination  of  the  Flame  hy 

TMane  of  Coloured  Glaeaee. 

I  shall  now  proceed  to  describe  some  experiments  made  with 
coloured  glasses  on  the  Bessemer  flame.  I  may  mention  that  what 
led  to  them  was  that  my  brother  was  compelled  to  get  very  dark 
spectacles  to  protect  his  eyes,  which  were  not  very  strong,  from  the 
intensity  of  the  light  of  the  flame.  The  first  pair  made  completely 
overcame  the  brilliancy  of  the  flame,  without  imparting  any  colour  to 
it;  but  on  ordering  a  second  pair,  they  showed  so  much  colour  as  to 
render  them  useless.  On  appealing  to  the  workman  who  had  made 
them,  he  found  that  no  note  had  been  kept  of  the  kinds  of  glasses 
which  had  been  used  in  the  first  pair;  and  although  several  attempts 
had  been  made  to  repeat  them,  the  second  pair  sent  was  the  best  he 
could  accomplish ;  and  they  had  appeared  colourless  to  sunlight.  The 
thought  then  occurred  that,  as  the  brilliancy  of  the  flame  varies 
considerably  during  its  existence,  a  variation  in  the  amiount  of  trans- 
mitted light  might  be  found  to  afiect,  in  proportionate  degree,  the 
power  of  some  coloured  glasses  to  absorb  other  colours  in  combination 
with  them,  and  that  a  combination  of  colours  might  be  found  to  give, 
with  a  small  quantity  of  transmitted  light,  a  distinct  colour,  which 
could  be  quite  absorbed  when  a  larger  quantity  of  light  was  passed 
through  the  same  glasses. 

Another,  and  perhaps  the  most  important  consideration  which  led 
to  the  following  experiments,  was  that  the  flame  itself  has  a  varying 
chemical  composition,  as  the  silicon,  manganese,  carbon,  and  iron 
become  successively  attacked,  and  that  the  ternperatv/re  of  the  flame 
at  these  various  stages  must  necessarily  be  altered,  giving  rise,  of 
course,  to  various  colours  or  shades  of  colour  in  the  flame.  If, 
therefore,  a  combination  of  coloured  glasses  could  be  found  which 
would  absorb  the  colour  due  to  the  flame  at  a  particular  temperature, 
it  seemed  clear  that  a  change  of  temperature  would  become  immediately 
visible,  on  account  of  an  accession  or  diminution  of  colour  in  the 
flame,  as  thus  observed 
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It  is  probable,  too,  that  the  colour  possessed  by  the  flame  at  its 
different  stages  is  due  to  the  various  elements  which  are  at  these 
periods  being  yolatili2ed;  but  the  spectroscope  does  not  throw  much 
light  on  this  supposition. 

The  first  combination  of  coloured  glasses  which  I  have  noted  are  a 
H  h        d  (     ^^  ^^  found  that  these  colours  mutually  destroyed  each 
p,         'tj    \  other.     The  Bessemer  flame,  when  viewed  through  them, 

(  appeared  white  and  without  brilliancy. 
Ultramarine  blue, )      This    combination    gave    the   same  effect  as 
Dark  yellow,  j  abova 

With  a  combination  consisting  of — 

Ultramarine  blue. 

Dark  yellow,  The  flame  appeared  of  an  emerald  colour,  but 

Ultramarine  blue,     was  dark  and  without  brilliancy. 

Emerald, 

In  the  next  experiments  the  dark  yellow  and  one  blue  were 
replaced  by  a  light  yellow  and  neutral  tint,  thus : — 

Ultramarine  blue.  The  appearance  of  the  flame  in  this  case  was 
Light  yellow,  similar  in  colour  to  that  afforded  by  the  above 
Neutral  tint,  combination,  but  appeared  of  considerable  bright- 
Emerald,  ness. 

In  the  next  experiments  the  light  yellow  and  neutral  tint  were 
replaced  by  a  dark  yellow  and  red  respectively,  thus : — 


Ultramarine  blue. 
Dark  yellow, 
Ruby, 
Emerald. 


The  flame  at  first  was  dimly  seen  and  with- 
out colour;  when  it  reached  its  maximum  bril- 
liancy it  still  appeared  white  through  this  combi- 
nation. 


With  these  five  combinations  the  appearance  of  the  sun,  as  seen 
through  each  of  them,  was  similar  in  character  to  that  of  the  flame, 
but  more  powerful  in  degree. 

In  the  subsequent  experiments  the  combination  was  as  follows : — 

The  flame  appeared  at  first  of  a  ruby-red  colour, 
increasing  in  size  and  intensity  as  the  '^blow'* 
progressed,  the  edges  of  the  flame  acquiring  a 
lighter  shade  of  red;  but  the  colour  was  too 
strong  to  admit  of  the  changes  being  easily  de- 
termined. Sunlight  through  this  combination 
was  slightly  yellow. 

In  the  succeeding  experiments,  one  of  the  blue  glasses  was  replaced 
by  a  light  yellow,  giving  a  combination  of 


Ultramarine  blue. 
Dark  yellow. 
Neutral  tint, 
Ultramarine  blue. 
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Ultramarine  blue. 
Dark  yellow, 
Neutral  tinty 
light  yellow. 


[  The  flame  appeared  at  first  of  a  yellowish  red 
colour.  As  the  "blow"  progressed,  this  colour 
became  whiter,  with  flashes  of  redder  flame  occa- 
sionally through  it.  At  the  flame's  maximum 
brilliancy  the  edges  assumed  a  light  red  colour 
(nearly  white),  while  at  the  root  and  centre  of  the 
flame  the  colour  was  of  a  darker  yellowish  red. 
When  the  flame  dropped  (at  the  end  of  the 
"blow"),  it  returned  to  a  yellowiBh  red  colour, 
somewhat  similar  in  appearance  to  the  eflect  pro- 
duced at  the  beginning  of  the  "  blow."     Sunlight 

I  appeared  slightly  yellow. 

It  will  be  observed  that  this  combination  gave  nearly  the  desired 
effect,  viz.,  a  variation  of  depth  of  colour  due  to  the  differences  of 
temperature  or  brilliancy  of  the  flame  at  its  different  stages  of 
progression.  The  yellowish  tint,  however,  always  present,  showed  a 
defect  in  this  combination,  to  overcome  which  further  trials  were 
mada  Among  other  devices,  the  light  yellow  was  omitted,  and  the 
flame  was  observed  with 

The  flame  appeared  still  red,  and  with  the 
yellowish  tint,  though  in  such  small  degree  as  to 
show  that  the  desired  result  was  not  far  off  Sun- 
light appeared  dim  and  slightly  yellow. 

In  the  concluding  experiments  jbhe  neutral  tint  was  replaced  by  a 
blue  glass,  with  the  object  of  ascertaining  whether  the  yellow  colour 
could  be  corrected  by  the  omission  of  the  red  or  the  blue  component 
of  the  neutral  tint,  thus : — 

p.    ,       -,  ^  )      This  combination  was  perfectly  successful,  the 

*y,^     •    \l       I  lingering  trace  of  yellow  being  removed 

I  shall  now  describe  more  fully  the  general  appearance  of  the  flame 
through  it. 

For  the  first  four  or  five  minutes  aU  is  dark,  the  chimney  is  in- 
visible, nothing  but  the  mouth  of  the  converter  can  be  made  out, 
which  appears  slightly  red,  the  sparks  coming  from  it  being  scarcely 
visible.  As  the  blow  progresses,  the  flame,  still  red  in  colour,  increases 
in  size  and  luminosity,  while  the  outline  of  the  vessel  becomes  visible. 
In  about  twelve  to  fifteen  minutes  the  flame  begins  to  lose  its  colour, 
becoming  violently  agitated,  flashes  of  a  lighter  and  brighter  flame 
shooting  up  occasionally. 


Ultramarine  blue. 
Dark  yellow, 
Neutral  tint 
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Id  about  fifteen  minutes  a  purple  tint  becomes  visible  round  the 
mouth  of  the  vessel,  the  flame  gradually  acquiring  a  white  colour 
towards  the  edges. 

When  the  flame  has  reached  its  maximum  brilliancy,  it  appears 
bright  and  nearly  white,  with  the  edges  purple.  The  red  colour 
thereafter  begins  to  re-appear  at  the  mouth  of  the  vessel  and  centre  of 
the  white  flame,  gradually  extending  until  the  whole  flame  appears 
of  a  light  red  colour. 

Then,  with  the  peculiar  hollow  sound  heard  in  the  vessel  always 
preceding  the  drop,  the  centre  of  the  flame  begins  to  acquire  a  deeper 
colour.  This  quickly  extends  and  deepens.  Within  a  minute  or  so  of 
the  drop,  the  whole  flame  becomes  crimson,  and  loses  its  brilliancy, 
and  within  half  a  minute  it  suddenly  goes  back  to  very  nearly  the 
red  colour  it  had  at  starting. 

This  combination  of  glasses  is  now  in  daily  use  in  the  Atlas  Works, 
Glasgow,  its  indications  being  so  marked  and  unmistakeable  as  to 
render  its  use  safe  in  the  most  inexperienced  hands.  This  little  instru- 
ment, or  "  Chromopurometer,"  as  it  is  proposed  to  call  it,  is  arranged 
as  follows : — One  of  the  blue  glasses  and  the  dark  yellow  one  ai'e  fixed 
in  a  rectangular  frame,  carrying  at  its  foot  a  hinge,  to  which  the  thin 
frame  holding  the  other  blue  glass  is  attached,  and  at  its  top  a  spring- 
catch,  to  hold  this  smaller  frame  when  in  its  shut  position,  and  also 
canying  a  pin  and  set  screw  for  attaching  the  whole  instrument  to 
the  hat  of  the  observer,  so  as  to  place  it  before  his  eyes. 

The  object  of  having  the  glasses  thus  divided  is  to  give  facility  for 
the  observation  of  the  flame  through  the  combination  of  three,  while 
during  the  pouring  two  being  sufficient,  the  third  one  is  allowed  to 
hang  down,  when  it  serves  to  protect  the  lips  from  the  great  heat  of 
the  ladle  and  liquid  steel. 

In  conclusion,  it  is  probable  that  by  carefully  noting,  by  means  of 
coloured  glasses,  such  as  those  described,  the  amount  of  light  (as 
determined  by  the  shade  of  coUmr  visible)  emitted  by  flames  of  known 
temperature,  a  scale  might  be  formed  which  would  enable  us  a|>- 
proximately  to  measure  the  temperature  not  only  of  the  flame  of  the 
Bessemer  converter,  but  also  that  of  many  flames  which  have  hitherto 
been  considered  beyond  reach  of  our  ordinary  methods  of  measure- 
ment. 


Mb.  W.  R  Hutton  on  Va/pcura  of  some  Commercial  Products.  49 


y.—Onthe  IgnUing  Point  of  the  Vapours  of  some  Commercial  Products. 

By  Mb.  W.  R  Hutton. 


Read  before  the  Chemical  Section,  December  21,  1868. 


It  is  a  well-known  fact  that  many  commercial  products  at  certain 
temperatures  give  off  an  inflammable  vapour;  and  my  object  in  bring- 
ing this  paper  before  the  Chemical  Section  is  to  give  the  results  of 
comparative  trials  of  the  igniting  points  of  a  few  of  the  leading 
articles  of  commerce,  and  also  to  explain  the  method  employed  by  me 
in  testing,  which  is  very  simple  and  sufficiently  accurate. 

In  commerce  there  are  several  substances  which,  at  the  ordinary 
temperature  of  the  atmosphere,  are  sufficiently  volatile  to  emit  enough 
vapour  to  form,  with  atmospheric  air,  an  explosive  mixture.  There 
are  many  others  which  do  not  volatilize  at  quite  so  low  a  temperature, 
but  which  in  a  warm  room,  or  exposed  to  the  sun's  rays,  do  give  off 
vapours  sufficient  to  render  them  dangerous ;  and  there  are  others,  again, 
that  require  to  be  considerably  raised  in  temperature  ere  vapour  is 
evolved,  and,  in  consequence,  may  be  considered  sufficiently  safe 
where  ordinary  care  is  employed. 

I  wish .  it  to  be  distinctly  understood  that  it  is  the  vapour  evolved 
from  ordinary  commercial  substances,  and  not  the  point  at  which  the 
substance  itself  will  ignite,  that  my  results  refer  to.  To  illustrate 
the  difference  in  the  igniting  point  of  the  vapours  evolved  from  differ- 
ent articles  of  commerce,  I  pour  into  one  glass  a  small  quantity  of 
sulphuric  ether,  and  into  another  glass  the  same  volume  of  ordinary 
paraffin  oil.  The  one  substance — ether — is  known  to  be  veiy  volatile, 
and  on  bringing  a  light  to  within  half  an  inch  of  its  surface  an 
explosion  takes  place;  the  other — paraffin  oil — is  found  not  to  be 
explosive  at  the  temperature  of  this  room,  as  it  requires  a  higher 
temperature  to  evolve  vapour  before  an  explosion  will  take  place. 

In  the  subjoined  table,  showing  the  results  of  experiments  made  by 
me,  the  samples  having  been  purchased  in  the  usual  way,  I  give  the 
specific  gravity  of  the  different  commercial  products,  and  the  tempera- 
ture at  which  their  vapour  explodes  when  a  lighted  taper  is  kept  at 
1  j  inches  from  the  surface;  and  also  the  temperature  at  which  the 
vapour  explodes  when  the  lighted  taper  is  kept  at  only  half  an  inch 
from  the  surface : — 
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iGNrriNO  Point  of  th*  \ 

'▲POCRS  OF  SOME 

COMXEECIJLL   E^RODUCTS. 

Speclflc 
Gravity. 

Taper 
finches 

Degrees  F&hr. 

Taper 

fr<3fin 
Liquid. 
Degrees  Fahr 

Sulphuric  Ether, 

•747 

under        53 

Bisulphide  of  Carbon, 

1-270 

53 

Petroleoin  Spirit, 

•706 

53 

— 

Paraffin  Spirit,  . 

•751 

70 

68 

Benzole,  90  per  cent. , 

•861 

74 

71 

Crude  Paraffin  Oil,     . 

•849 

74 

72 

Do.    Naphtha* 

„            78 

74 

Brandy,      .         .         .         . 

•940 

•»            ^~ 

85 

Wood  Naphtha* . 

•840 

88 

81 

Crude  Paraffin  Oil,     . 

•891 

89 

»4 

Do.    Naphtha, . 

•881 

90 

86 

Holland  Gin,     . 

•930 

♦  » 

90 

Rum, 

•936 

»t                       *"" 

90 

Methylated  Spirit, 

•827 

97 

86 

Burning  Coal  Naphtha, 

•859 

100 

91 

Spirit  of  Wine,  . 

•817 

104 

73 

Whiaky,  25  0.P..       . 

•893 

109 

83 

Do.,      n  O.P., 

•905 

110 

M 

Petroleum  Oil,   . 

•801 

118 

110 

T.ight  Pitch  Oil, 

•920 

119 

109 

Resin  Spirit, 

•922 

122 

106 

Turpentine, 

•875 

130 

119 

Sherry  Wine, 

■993 

♦>           ~~ 

130 

Port  Wine, 

IO03 

»» 

130 

Refined  Paraffin  Oil,  . 

•         "oOS 

134 

123 

Da 

•814 

138 

127 

Fu«el  Oil,  . 

•850 

140 

129 

Resin  Oil,  . 

•987 

over        212 

— 

Heavy  Pitch  OU, 

•950 

212 

— 

It  will  be  observed  that  the  specific  gravity  bears  no  relation  to 
the  temperature  required  to  expel  vapour  from  many  of  the  products 
mentioned  in  the  table,  and  this,  in  some  instances,  arises  from 
the  fact  that  they  are  not  isolated  chemical  substances,  but  consbt 
of  distinct  compound  bodies  mixed  together,  the  lighter  of  which 
usually,  but  not  always,  distils  off  first  This  is  yery  well  shown 
from  the  results  obtained  in  experimenting  on  the  two  samples  of 
crude  and  the  sample  of  burning  naphtha,  the  benzole  having  been 
separated  from  the  latter  by  fractional  distillation.  In  the  crude 
naphtha  there  always  exists  a  lai^  pro]iortion  of  tarry  matter  and 
naphthaline;  and  with  a  gravity  a])proaching  to  -800,  as  compared 
with  burning  naphiha  which  has  been  freed  from  all  tarry  matter, 
and  has  a  gravity  not  exceeding  '860,  it  is  not  to  be  expected  that 
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the  crude  will  give  off  vapour  as  readily  as  the  refined.     This  has 
been  the  case,  however,  as  is  indicated  by  the  table  of  results.     The 
crude  gave  off  vapour  at  a  much  lower  temperature  than  the  refined 
burning    naphtha;    and    the    same    remark  applies  to   the  results 
obtained  from  crude  and  refined  paraffin  oils  from  which  paraffin 
spirit  has  been  separated.     In  the  case  of  spirit  of  wine  and  different 
proportions  of  water,  and  also  of  liquids  that  will  mix  with  water,  a 
deduction  from  the  specific  gravity  might  be  made,  which  would  at 
once  indicate  the  igniting  point  of  the  vapour,  and  also  the  per- 
centage of  spirit  in  it;  this,  however,  I  have  not  gone  inta     The 
proportion  of  volatile  matters  to  be  found  in  different  crude  com- 
mercial substances  is  exceedingly  variable,  and  therefore  no  line  for 
guidance  do  I  offer;  but  in  manufieictured  articles  of  commerce,  where 
a  volatile  and  a  less  volatile  mixture  are  together,  the  manufacturer 
and  the  merchant  have  it  in  their  power  to  exact  a  standard  at  which 
the  vapour  will  not  ignite.     A  very  small  percentage  of  a  volatile 
compound  is  sufficient  to  make  the  whole   bulk  dangerous,  and  in 
some  instances  accidents  from  this  circumstance  are  very  apt  to  arise. 
In  the  printed  table  I  have  light  pitch  oil,  the  vapour  of  which  ex- 
plodes at  119°  Fahr.;  this  point  of  ignition  is  not  what  is  considered 
at  all  dangerous  as  compared  with  bisulphide  of  carbon  or  benzole ; 
it   is,  however,  equally   dangerous,   and   for   this  reason, — that  the 
latter  is  known  to  give  off  inflammable  vapour  which  ignites  at  a 
low  temperature,  while  the  former,  on  account  of  its  familiar  name — 
pitch  oil,  or  creosote — is  looked  upon  as  not  at  all  explosive.     In  this 
sample  of  light  pitch  oil,  the  volatile  matter  which  gave  off  inflam- 
mable gas  at  119°  did  not  exceed  2  per  cent.,  after  which  no  com- 
bustible vapour  was  given  off  until  a  temperature  of  1 80°  was  reached, 
thus  clearly  showing  that  the  low  explosive  points  of  the  vapours  of 
some  commercial  substances  depend  upon  a  very  small  percentage  of 
volatile  extraneous  matter. 

Now  I  shall  explain  the  small  apparatus  used  in  estimating  the 
igniting  point  of  the  vapours,  and  which  is  very  simple. 

It  consists  of  a  water  bath,  with  basin  thermometer  and  spirit 
lamp.  In  operating,  I  put  the  same  quantity  of  cold  water  into  the 
bath  each  trial,  in  order  that  the  time  required  to  raise  the  tempera- 
ture of  the  water  is  as  nearly  as  possible  the  same.  Into  the  small 
basin  I  put  a  known  measure  of  the  liquid  under  examination  (in 
this  instance,  also,  the  same  volume  is  always  used);  the  thermometer 
is  then  adjusted  with  the  bulb  immersed  under  the  liquid  in  the 
basin.  The  spirit  lamp  is  now  lighted  and  placed  under  the  bath ; 
the  water  in  the  bath  is  gradually  warmed,  which,  in  its  turn,  heats 
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the  liquid  under  trial.  The  rise  of  temperature  is  indicated  by  the 
thermometer,  and  by  means  of  a  lighted  taper  and  careful  attention 
it  is  easy  to  catch  the  first  flash  of  vapour  evolved.  In  order  to  have 
exact  comparative  trials,  it  is  not  only  essential  to  have  all  the  ex- 
periments conducted  on  the  same  principle  as  regards  detail,  but  it  is 
also  of  the  greatest  importance  that  the  surface  of  the  liquid,  and  the 
taper  used  in  catching  the  exact  point  at  which  the  vapour  explodes, 
shall  be  at  an  equal  distance  in  each  casa  This  point  is  of  the  first 
importance  to  all  who  test  the  igniting  point  of  vapours;  and  to 
explain  this  statement  more  clearly,  I  have  printed  on  the  table  the 
results  of  experiments  made  on  the  same  commercial  samples,  keeping 
the  lighted  taper  1^  inches  from  the  surface  of  the  liquid  in  one  case, 
and  in  the  other  at  only  half  an  inch  from  the  surface  of  the  sample 
tinder  trial.  The  results  are  as  expected:  when  the  vapour  has  to 
diffuse  and  mix  with  atmospheric  air  through  a  space  of  1^  inches, 
it  is  found  that  a  greater  tempemture  is  required  in  order  to  evolve 
the  larger  quantity  of  vapour  than  in  the  experiments  of  only  half  an 
inch  between  the  lighted  taper  and  sample;  and  this  is  explained  by 
the  circumstance  that  the  vapour,  immediately  on  being  liberated, 
mixes  with  the  small  volume  of  atmospheric  air  in  the  experimental 
basin,  forming  with  it  a  mixture  which,  on  meeting  a  light,  explodes. 
In  the  other  set  of  experiments  a  greater  temperature  is  required  to 
disengage  a  larger  volume  of  vapour  to  mix  with  the  gi*eater  propor- 
tion of  air. 

In  this  paper  I  have  carefully  avoided  mention  of  the  relative 
danger  of  the  articles  of  commerce  examined  by  me.  The  table  gives, 
however,  the  names  of  several  compounds,  the  vapours  of  which 
readily  explode;  and  it  is  with  the  object  of  having  a  uniform  method 
of  testing  that  point  of  danger  that  I  now  submit  a  method  which  I  con- 
sider sufficiently  accurate  for  all  comparative  trials.  Without  a  uniform 
method  no  two  results  will  agree ;  but  with  a  recognized  method,  both 
manufacturers  and  merchants  would  know  what  the  igniting  point 
of  the  vapour  of  commercial  substances  exactly  means,  and  a  security 
to  consumers  and  others  that  does  not  now  exist  would  be  obtained. 

Note, — The  Petroleum  Act  of  18G8  enforces  a  uniform  method  of 
testing  the  point  at  which  vapours  are  evolved  to  form  explosive 
mixtures  with  air;  but  this  applies  only  to  paraffin,  petroleum,  and 
coal  oil  products,  and  does  not  refer  to  other  commercial  substance 
several  of  which  are  equally,  and  others  more  dangerous,  than  paraffin 
and  petroleum  oil. 

Dr.  Wallace  gave  additional  information  relating  to  the  new 
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Petroleum  Act,  and  described  the  apparatus  which  must  be  used  for 
testing  in  order  to  conform  to  its  requirements. 

Dr.  Clarke  stated  that,  in  the  case  of  liquids  having  a  low  inflam- 
ing point,  the  temperature  at  which  the  first  flash  took  place  was 
generally  only  a  few  degrees  below  that  at  which  the  bulk  of  the 
liquid  was  inflammable,  but  that  with  liquids  which  had  a  high  inflam- 
ing point,  the  temperature  at  which  the  first  flash  took  place  was 
removed  from  that  at  which  the  liquid  itself  inflamed  by  10°  or  even 
more.  He  also  stated  that  he  believed  the  insurance  companies  had 
divided  oils  into  three  classes,  having  diflerent  inflaming  points;  the 
first,  or  least  inflammable,  being  represented  by  olive  oil ;  the  second, 
by  Price's  cloth  oil,  which  ignites  at  about  346''  Fahr. ;  and  the  third, 
embracing  all  oils  having  a  lower  igniting  point  than  Price's  cloth 
oil,  a  margin  of  a  few  degrees  being  allowed.  He  also  pointed  out 
that  the  igniting  point  of  an  oil  (the  only  test  required  by  insurance 
companies)  was  no  criterion  of  the  readiness  with  which  it  undergoes 
spontaneous  combustion  when  spread  over  a  cotton  surfieu^. 

Mr.  Tatlock  believed  that  much  misapprehension  had  arisen  from 
a  misunderstanding  on  the  part  of  commercial  men  as  to  the  true 
meaning  of  the  term  "  igniting  point,"  and  referred  to  the  fact  that 
the  igniting  point,  properly  so  called,  of  any  gas  or  vapour  was 
seldom,  if  ever,  under  a  red  heat;  whereas  the  igniting  point,  com- 
mercially speaking,  was  simply  the  point  at  which  sufficient  vapour 
was  given  ofl*  to  form  an  explosive  mixture  with  air  in  contact  with 
a  red-hot  body,  the  latter  condition  requiring  always  to  be  fulfilled 
before  an  explosion  could  happen. 


VL — A  Chemist's  View  of  the  Sewage  Question,    By  Mr.  Edward 

C.  C.  Stanford,  F.C.S. 


Read  before  the  Chemical  Section,  April  19,  1869. 


About  twelve  months  ago  I  read  a  paper  on  this  subject  before  the 
Sewage  Association  of  Glasgow.*  Since  then  the  members  of  that 
association,  with  all  their  varieties  of  opinion,  have  passed  one 
unanimous  resolution: — "That  whatever  system  be  adopted,  the 
excreta  must  be  kept  out  of  the  public  sewers;"  the  expression  of 
a  conviction  which  will  be  that  of  any  patient  inquirer  into  this 
difficult  question. 

•  Vide  Chemkal  JS'etos,  voL  xix.,  p.  253. 
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In  the  paper  referred  to,  I  endeavoured  to  show  that,  whatever 
may  be  the  best,  the  present  water-closet  system,  with  all  its  boasted 
advantages,  is  the  worst  that  can  be  generally  adopted.  Briefly, 
because  it  is  a  most  extravagant  method  of  converting  a  mole-hill 
into  a  mountain.  It  merely  removes  the  bulk  of  our  excreta  from 
our  cities  to  choke  onr  rivers  with  foul  deposit,  and  rot  at  our 
neighbours'  doors.  It  increases  the  death-rate,  as  well  as  all  other 
rates,  and  introduces  into  our  houses  a  most  deadly  enemy  in  the 
shape  of  the  sewer  gases. 

Since  then  the  report  of  Messrs.  Bateman  and  Bazalgette  has 
appeared,  and  it  proposes  (what  every  one  knowing  the  views  of  the 
authors  would  at  once  have  predicted)  to  put  down  miles  of  costly 
■ewers  to  carry  the  excreta  to  the  Ayrshire  coast,  where,  pei-haps,  the 
inhabitants  may  oblige  us  to  take  it  back  again ;  in  other  words,  to 
commit  the  error  of  London,  and  wake  up  in  a  few  years  to  the  same 
bitter  repentance. 

We  can't  be  surprised  at  this;    we   can't  expect   homoeopathic 
treatment  from  an  allopathic  physician,  especially  if,  as  in  this  case, 
"  bleeding  "  is  to  be  again  the  universal  cure.     The  engineer's  treat- 
ment of  town  excreta  always  reminds  nie  of  the  country  doctor  in 
America,   who   put   all    his   feverish   patients  through  a   course   of 
convulsions,  because,  though  he  didn't  understand  fevers,  he  could 
cure  fits.     In  our  numerous  discussions  I  have  always  maintained 
that  chemists  have  been  most  unfairly  treated  in  this  matter.     The 
public  like  to  see  what  they  pay  for;  they  can  see  bricks  and  mortar, 
and  therefore  have  allowed  engineers  to  give  them  an  intimate  pocket- 
purse  knowledge  of  this  expensive  commodity,  for  which  they  have 
paid  in  more  than  one  sense — through  the  nose.     Engineers  have  too 
fondly  believed  that  water  is  the  great  purifier,  and  so  they  dilute  the 
excreta  with  365  times  its  bulk  of  water,  and  reduce  its  value  to  Id, 
per  ton,  and  then  turn  round  on  the  chemist  and  expect  him  to 
reverse  the  process,  pick  out  the  penny,  and  repay  the  expenditure. 
Now,  if  it  were  a  simple  mixture — if  it  were  only  to  separate  the 
grain  of  wheat  from  the  sack  of  chafif — the  problem  would  be  difficult 
enough;  but  we  know  the  case  to  be  far  worse  than  this:   it  is  the 
handful  of  yeast  in  the  sack  of  flour  that  we  are  called  upon  to 
extract,  and  the  fermentation  of  which  we  are  expected  to  prevent, 
after  it  has  occurred.     A  small  portion  of  dilute  sewage  mixed  with 
a  large  excess  of  water  soon  renders  it  all  equally  oflensive ;  and  the 
problem  of  extracting  its  value  is  one  which  no  chemist  need  ever 
attempt  to  solve. 

The  water-closet,  with  many  apparent  advantages,  and  with  all  our 
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prejudices  in  its  favour,  carries  an  attendant  train  of  evils,  which,  I 
am  fully  persuaded,  will  ultimately  doom  it  to  oblivion. 

As,  therefore,  engineers  have  not  put  the  subject  fairly  before 
chemists,  I  propose  to  take  a  noble  revenge,  and  put  the  subject 
fairly  before  engineers.  I  ask  them  why  they  consider  water  to  be 
the  only  vehicle  for  removing  excreta?  why  not  earth?  why  not  air? 
Have  they  ever  fairly  investigated  or  thoroughly  experimented  on 
the  other  methods  ?  Have  they  not  rather  confined  their  studies  to 
fits,  and  forgotten  fevers? 

So  many  attempts  have  been  made  by  chemists  to  pick  up  the 
halfpence  that  engineers  have  so  plentifully  flung  into  the  mud,  that 
I  cannot  even  notice  them,  except  to  remark  that,  in  the  opinion  of 
all  the  scientific  chemists  who  have  specially  investigated  these 
attempts,  they  have  all  signally  failed. 

I  must  allude,  however,  to  the  process  of  Mr.  Chapman,  as  one  of 
the  latest  methods  of  dealing  with  town  sewage.  This  is  a  process 
of  distillation  after  treatment  with  lime,  and  thorough  putrefaction. 
He,  however,  confesses  his  difficulty,  by  wishing  to  reduce  the  sewage 
of  this  city  from  31,000,000  gallons  daily  to  1,000,000  gallons.  This 
of  course  requires  a  complete  alteration  in  the  existing  system,  and 
it  still  dilutes  the  excreta  with  more  than  ten  times  its  bulk  of  water. 
The  lime  process,  and  the  putrefaction  required  to  decompose  the 
urea,  would  be  extremely  offensive,  and  require  vast  storing  tanks. 
In  working  1,000,000  gallons  daily  (it  would  more  probably  amount 
to  2,000,000  gallons)  he  would  have  to  treat  4,464  tons  daily,  the 
total  chemical  (not  the  extractible)  value  of  which  is  2*.  6t/.  per  ton, 
and  he  expects  to  do  this  with  20  tons  of  coal.  He  proposes  to  adopt 
an  ingenious  arrangement  of  eight  boilers  steaming  exhaustively  to 
distil  off  the  ammonia,  heating  up  the  feed  sewage  after  precipitation 
by  lime,  by  the  hot  water  discharged  from  the  boilers,  by  a  kind  of 
brewhouse  refrigerator,  with  its  object  reversed.  He  expects  to 
distil  off  Ath;  but  I  think  this  must  be  at  least  ^th,  or  100,000 
gallons  evaporated  by  20  tons  of  coal  =  5,000  gallons  to  1  ton. 

The  report  of  Professors  Lyon,  Playfair,  and  Johnstone,  puts  the 
average  evaporation  for  Scotch  coal  at  7*7  tons,  or  1,712  gallons  per 
ton ;  and  at  this  rate  58  tons  would  be  required  for  the  mere 
evaporation.  Then,  for  raising  the  heat,  the  same  report  says  that 
1  ton  Scotch  coal  raises  5(d  tons  water  from  32*^  to  212^  Fahr. ;  or 
say,  50  tons  water  from  52''  to  212*'  Fahr. 

This  requires  96  tons,  making  a  total  of  148  tons  daily. 

Mr.  Chapman  therefore  expects  to  save  by  heating  feed  water  and 
by  exhaustive  steaming  a  total  of  128  tons  daily,  or  600  per  cent 
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Can  this  be  done?  If  it  can,  then,  whatever  may  be  the  result  of  his 
process  as  applied  to  sewage,  it  will  make  him  the  greatest  and  most 
daring  authority  on  that  equally  impoii;ant  subject,  the  economy 
of  fuel  He  puts  down  no  loss  for  radiation.  This  should,  I  think, 
be  at  least  10  per  cent.,  which  would  require  nearly  as  much  as  his 
total  calcidated  expenditure  for  fuel.  In  using  eight  boilers  of  4,000 
gallons  each,  he  expects  to  get  off  all  the  ammouia  in  half  an  hour^s 
steaming  of  each.  Now,  we  all  know  that  the  estimation  of  free 
ammonia  in  the  laboratory  is  oue  of  the  most  tedious  processes, 
requiring  a  lengthened  ebullition;  and  the  experience  of  distillers  on 
the  large  scale  amply  corroborates  this,  and  pi*oves  that  it  does  not 
pay  to  distil  ammoniacal  liquids  containing  under  1  per  cent  of 
ammonia  (some  manufacturers  double  this  estimate).  The  total 
amount  in  the  sewage  to  be  distilled  would  be  under  0*2  per  cent 

I  think,  therefore,  that  the  process  of  Mr.  Glassford,  of  evaporation 
with  sulphuric  acid,  for  which  I  must  refer  you  to  his  pamphlet 
On  London  Sewage,  is  better  than  this.  Fuel  is  the  great  question 
in  both ;  but  in  his  the  results  are  certain ;  in  Mr.  Chapman's 
they  are  problematical.  Both  are,  however,  connected  with  the 
water  system,  which  I  believe  to  be  a  mistake;  and  I  think 
we  must  ultimately  come  either  to  a  system  like  Captain  Lieumur^s, 
by  what  may  be  called  pneumatic  despatch,  or  to  the  dry- 
closet  system.  Of  the  former  I  have  fully  treated  in  a  former 
paper,  and  wish  now  to  speak  this  evening  more  particularly  of  the 
latter.  During  the  past  year  Moule's  dry-closet  has  been  largely 
introduced.  All  who  have  used  it  speak  in  the  highest  terms  of  its 
efficiency ;  and  there  are  already  strong  indications  of  its  becoming  the 
system  of  the  future.  It  is  the  only  one  that  has  succeeded  during 
the  hot  fortnight  at  the  Wimbledon  meeting.  The  objections  urged 
against  the  system  when  earth  is  used  are,  firaty  the  large  quantity 
of  earth  required — three  and  a  half  times  the  weight  of  the  excreta ; 
and  second y  the  difficulty  of  obtaining  the  quantity  required,  and  of 
drying  it  Now,  both  these  difficulties  are  disposed  of  by  using  char- 
coal I  employ  by  preference  sea-weed  charcoal,  because  it  is  the  most 
porous,  and  the  best  absorbent,  and  the  cheapest,  and  could  be  obtained 
in  large  quantity.  It  only  requires  one-fourth  of  the  weight,  compared 
to  earth ;  and  when  the  mixture  is  removed  and  placed  under  cover,  it 
soon  dries.  This  mixture  can  be  stored  for  any  length  of  time,  and  used 
again  several  times.  When  convenient,  it  is  re-burned  like  the  char  in 
sugar  refineries,  except  that  this  process  is  carried  out  in  apparatus 
which  admits  of  collecting  the  ammonia  and  other  products  condensed. 
The   whole  of  the  ammonia   is  collected   in  this  way;   whilst  the 
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phosphoric  acid,  potash,  and  mineral  matters  accumulate  in  the  char- 
coal, together  with  the  carbon  from  the  organic  constituents  of  the 
excreta.  In  this  way  the  weight  of  the  charcoal  will  be  increased  to 
the  extent  of  about  5  per  cent,  with  each  using,  and  if  dried  and 
re-used  five  times,  about  25  per  cent,  with  each  re-burning.  With 
this  constant  addition  the  char  will  not  require  replacing  with  fresh 
material,  so  that  its  cost  is  only  a  primary  outlay — the  ultimate  result 
being  that  the  excreta  is  deodorized  by  a  charcoal  derived  from  itself; 
and  a  company  working  this  process  would,  in  addition  to  (securing 
the  whole  of  the  ammonia,  become  sellers  of  an  animal  charcoal 
second  only  in  value  to  that  obtained  from  bones,  to  the  extent  of,  in 
Glasgow,  if  the  process  were  general,  19  tons  a  day,  or  6,935  tons  a 
year, — the  total  quantity  of  excreta  which  Glasgow  has  to  remove 
being  taken  at  385  tons  a  day,  and  its  value  at  29s,  6d,  per  ton  =  £569, 
as  calculated  in  my  former  paper.  The  ultimate  result  being  the 
same,  any  charcoal  may  be  used  at  first.  The  process  may  be  earned 
out  without  odour  from  the  closets  to  the  finished  products.  Of 
course,  it  may  be  modified ;  for  instance,  suppose  the  char  to  be  used 
five  times,  and  only  dried,  the  addition  to  its  value  would  be  as 
follows.  I  take  equal  parts,  as  this  charcoal  will  absorb  at  least  an 
equal  weight  of  even  urine : — 

1  ton  seaweed  char,  at  £2,  )  =  30  cwt.  manare,  at  £9,  7s,  6d. 
5  tons  excreta,  at  29«.  6(^,  )  =  £6,  5s.  per  ton. 

Or  if  re-burnt,  it  would  yield  25  cwt  of  charcoal,  and  the  whole 
of  the  ammonia  would  be  secured  in  the  distillation.  Dr.  Wallace 
estimates  the  cost  of  re- burning  char  in  sugar  refineries  at  3s,  6d,  per 
ton  for  labour  and  fuel,  containing  31  per  cent,  moisture,  which 
would  be  much  over  that  referred  to.  Here,  then,  we  have  a  simple 
process  for  recovering  the  whole  of  the  value  from  excreta,  of  general 
application,  and  the  results  of  which  can  be  predicted  by  chemists 
with  absolute  certainty,  as  £Bir  as  those  products  to  which  we  at 
present  attach  value  are  concerned ;  but  the  uncertain  portion  is,  as 
usual,  the  most  interesting;  for  in  the  destructive  distillation  of 
excreta  we  are  exploring  a  new  field,  which  promises  great  interest 

The  distillation  generally  is  remarkably  similar  in  its  products  to 
that  of  bones,  and  also  to  that  which  most  resembles  it,  of  sea-weed. 
Besides  ammonia,  acetic  acid,  with  a  little  butyric  acid,  acetone,  and 
pyrrol,  are  the  most  marked  bodies.  I  cannot  speak  more  definitely 
of  these  products  in  this  paper,  as  they  are  still  under  investigation. 

The  following  analysis  of  urine  is  taken  from  Miller,  to  represent 
its  average  composition  in  1,000  parts,  specific  gravity  1*020.  The 
calculations  of  nitrogen  are  appended. 
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The  average  portion  voided  by  each  individual  may  be  taken  at 
40  ounces  urine  and  4  ounces  faeces.  Total,  44  ounces  daily  =  1*7 
ounces  solid  from  urine,  and  1  ounce  solid  from  fsecea  Total,  2*7 
ounces  solid  daily. 

The  following  analysis  of  the  faeces  is  by  Berzelius: — 
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Water, 
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Albumen,     .        .     -9 

Extractive  Matter,  2*7 
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Containing,  according  to 
Play£ur,  15  i)er  cent,  nitro- 
gen and  45  per  cent,  carbon, 
and  about  25  per  cent,  of 
-ash.  Nitrogen =70 -71  of  sul- 
phate ammonia,  in  dry  soli(L 
Pieces  contain  4 '55  per  cent, 
ammonia  =17*65  per  cent, 
sulphate. 


This  ash  contains,  according  to  Porter — 
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Peroxide  Iron, 
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Carbonic  Acid, 
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Assuming,  then,  the  proportions  voided  to  be  17  dry  from  urine  to 
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10  dry  from  fseces,  the  resulting  chars  may  be  expected  to  have  the 
following  composition : — 


Urine. 

FaBoea. 

17  to  10, 
Mixed  £zcreta. 

Percentage  of  Char  in  dry  solid,    . 

50 

70 

57 

Ammonia  as  Sulphate,  . 

73-72 

7071 

72-60 

Pbrcektaoe  Composition  of  Cb.jlbs. 
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Peroxide  Iron, 
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1-26 

•46 

The  nitrogen  in  the  mixed  excreta,  in  the  proportions  voided^  is 
equal  to  4^49  per  cent,  of  sulphate  of  ammonia. 

In  the  char  from  urine  the  phosphoric  acid  is  princij)ally  com- 
bined with  potash,  and  therefore  soluble.  This  char  alone  would 
be  a  valuable  manure,  as  containing  a  large  pi-oportion  of  soluble 
phosphates.  .But  the  result  of  commencing  with  sea-weed  charcoal, 
which  is  rich  in  carbonate  of  lime,  will  be  to  form  phosphate  of  lime 
at  the  expense  of  the  carbonate ;  in  other  words,  to  form,  by  treatment 
with  urine,  re-burning,  and  washing,  the  animal  charcoal  required  by 
the  sugar  refiner.  This  expected  result  is  verified  in  the  following 
tables  of  analyses.  I  regard  the  phosphate  of  lime  thus  gradually 
formed,  from  its  minute  state  of  division,  to  be  quite  equal  in  agricul- 
tural value  to  ordinary  soluble  phosphate.  The  washed  residual  char 
from  faeces  is  at  once  available  for  the  refiner,  as  it  contains  about 
26  per  cent,  of  phosphates  of  lime  and  magnesia,  with  but  a  small  pro- 
portion of  carbonate.  I  know  no  reason  why  the  product  of  disinte- 
grated bone  and  muscle  should  not  be  used  for  this  pui*pose  as  well  as 
the  bones  themselves. 

In  distilling  100  tons  of  the  dry  product,  from  mixed  excreta,  we 
should  obtain  72  tons  of  sulphate  of  ammonia,  and  57  tons  of  a  charcoal 
containing  10  per  cent  of  phosphoric  acid  in  its  most  available 
form,  for  manure,  and  6  per  cent  of  potash.  It  will  be  seen  from 
Berzelius's  analysis  that  nearly  50  per  cent  of  the  dry  faeces  consists 
of  fatty  matter.  How  will  this  appear  in  the  distillation?  In  a 
population  of  500,000,  this  item  amounts  to  nearly  7  tons  a  day ! 
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I  expected  a  loss  of  ammonia  in  drying,  but  it  is  very  small,  and 
appears  to  arise  from  the  free  lime  in  the  char,  as  it  will  be  seen 
farther  on  that  the  loss  decreases  in  using  the  char  with  urine.  I 
found  the  total  loss  in  drying  by  artificial  heat,  with  new  char,  to  be 
2 '06  per  cent  of  the  total  ammonia,  or  0*105  per  cent  of  the  urine 
employed.  I  append  analysis  of  1  lb.  char,  which  was  re-burnt  fifteen 
times  with  an  equal  weight  of  urine.  A  portion  of  the  char  was  lost, 
which  prevents  my  giving  the  total  increase  in  weight  I  believe, 
however,  the  addition  of  carbon  would  be  too  slight  to  effect  an 
increase  in  the  total  with  so  many  re-burnings;  the  percentage  is 
decreased. 


Water,  . 
Soluble  Salts, 
Insoluble, 


Soluble. 

Chloride  Sodium,* 
Sulphuric  Acid,  . 
Phosphoric  Acid,  . 
Potash, 


Insoluble. 

Carbon, 
Silica,  &0.,    . 
Phosphate  Lime,  . 
Carbonate  Lime,    . 
Carbonate  Magnesia, 


Char  Used. 


10-0 

•6 

89-4 


•3 
•3 


54-4 
91 
4-8 

17-4 
3-4 


After 
Be-buming. 


2-80 
11  15 
86  05 


8-75 

•34 

2  00 

2-40 


29-40 
13  10 
20-05 
19-75 
3-40 


IncrMMO 
percent 


10*55 


8-75 

•04 

2  00 

2  10 


4-00 

15-25 

2-35 


The  urine  used  appears  to  have  been  deficient  in  sulphates  and  rich 
in  phosphates,  these  two  ingredients  being  subject  to  considerable 
relative  variation. 

The  distillates  gave  192  ounces  of  liquid  containing  free  ammonia 
equal  to  3,047  grains  sulphate,  or  2*9  per  cent,  of  the  urine,  showing 
a  slight  loss  inseparable  from  destructive  distillation  on  the  small 
scale.  The  charcoal  should  be  used  at  least  five  times  before  re-burn- 
ing, and  for  urine  alone  it  may  be  employed  ten  times. 

I  append  a  table  showing  the  analytical  results  of  this  process  with 
urine. 

No.  1  is  from  charcoal  dried  up  with  ten  times  its  weight  of  urine 

*  In  this  and  the  following  analyses  the  whole  of  the  chlorine  has  been  cal- 
culated for  convenience  as  chloride  of  sodium,  which,  in  some  cases,  ia  there- 
fore too  high. 
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before  re-barniDg.  No.  2  lias  been  treated  with  twenty  times  its 
weight.  No,  3  with  fifty  times  its  weight,  and  Na  4  with  100  times 
its  weight  of  Diine  before  re-bnming. 

It  will  be  seen  that  in  No.  4  more  than  the  theoretical  amount  of 
ammonia  is  obtained.  That  from  Noa.  1,  2,  and  3,  is  obtained  by 
simple  deatrnctiTe  distillation.  No.  4  only  yields  ammonia  equal  to 
SO'48  per  cent,  of  sulphate  when  treated  in  this  way,  the  quantity 
given,  105-64  per  cent,  being  that  obtained  with  soda  lime.  The 
residnal  nitrogen  is  not  left  in  the  char,  but  goes  off  in  the  distillation 
in  some  other  form  than  ammonia.  I  shall  recur  to  this  snbject  in  a 
subsequent  paper.  The  retention  of  nitrogen  after  drying  is,  how- 
ever, extraordinary,  when  the  product  yields  ammonia  equal  to  105 
per  cent  of  sulphate.  No  Peruvian  guano  can  be  compared  to  this 
in  fertili^ng  value. 

The  washed  chars  acquire  the  composition  which  fitn  them  eminently 
for  the  sngar  refiner. 
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WASHED  CHARS. 


Carbon,    . 
Phosphate  Lime,    . 
Carbonate  Lime,     . 
Carbonate  Magnesia, 


CompoBltion  per  Cent 

b. 

Ordina 
CTiar 

1. 

9. 

3. 

4. 

M-(0 

45-30 

51-80 

58^40 

1 
59-00 

4-80 

9-60 

12-40 

18-80 

21-34   ' 

17-40 

34-60 

17-10 

6iW 

2-40 

310 

6-fiO 

4-10 

3-10 

2-61   , 

Increase  per  Cent 


1. 


•910 
4-80 
7-20 
8-40 


a. 

3. 

•2-fiO 

4-00   1 

7«0 

14-80 

•  ;w 

♦10-60 

1-00 


4*60 
16-54 

•is-oo 

•-69 


^Deoroaae. 

The  experiments  with  closet  excreta  are  unfinished,  and  it  is  difficult 
in  working  on  small  quantities  to  obtain  uniform  results.  We  find 
one  of  Smith's  dry  closet*  use  about  half  a  pound  of  char  per  charge, 
the  charge  of  dry  earth  being  2  lbs.  Moule*s  closet  uses  rather  less. 
There  were  seven  uses  of  the  closet  in  our  firat  experiment,  and  the 
contents  were  re-burnt  at  once  without  previous  drying. 


Weight  before  Distillation, 
Residual  Char  weighed,  . 
Weight  of  £xcreta,    . 


.  130  ounces. 
.        .        .     48      „ 
82  ounces  =  11*7      »»      peruse. 


The  distillation  gave  (}Q  ounces  of  gas  liquor,  containing  free 
ammonia  =  2*8  ounces  sulphate  =  3*4  per  cent,  of  the  mixed  excreta. 
This  represents  only  the  free  ammonia,  or  that  existing  ag  carbonate ;  a 
portion  present  in  combination  with  acetic  acid  was  not  estimated. 

The  same  method  is  equally  well  adapted  for  treating  pot  ale  from 
distilleries,  and  blood  and  offal  from  slaughter-houses.  The  former 
is  an  important  subject  in  Glasgow;  and  I  can  in  tbis  paper  only 
shortly  allude  to  it.  According  to  Dr.  Wallace,  one  of  the  distilleries 
in  Glasgow  sends  into  the  sewers  83,000  gallons  of  this  pot  ale, 
containing  nitrogen  equal  to  118  grains  of  ammonia  per  gallon;  so 
that  the  daily  discharge  of  this  one  distillery  is  equal  to  the  total 
excreta  of  48,970  persons,  or  one- tenth  the  population  of  Glasgow. 

The  process  can  be  adapted  with  ease  to  urinals  as  well  as 
closets.  I  am  enabled  to  exhibit  some  mixtures  of  charcoal  and 
night-soil  made  twelve  months  ago.  I  was  curious  to  know  if  these 
mixtures  had  gone  further  in  the  oxidation  of  the  ammonia  and 
formed  some  nitrates,  but  not  a  trace  can  be  detected. 

I  submit  that  the  dry-closet  system,  with  this  process,  has  the 
following  great  advantages: — 

1.  Total  freedom  from  all  odour.     All  must  have  noticed  sometimes 
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the  sickly  odonr  of  a  water-closet,  arising  not  from  the  excreta,  but 
frt>m  the  gas  from  the  sewers. 

2.  Certain  prevention  of  all  contamination  and  spread  of  infectious 
diseases  arising  from  sewer  leakage  into  our  wells,  or  sewer  gas  into 
our  houses. 

3.  Saving  of  water  equal  in  Glasgow  to  £40,000  a  year,  if  the 
water-closet  system  were  general. 

4.  Saving  of  expense  in  repairs  and  removal  One  hundredweight 
of  charcoal  per  month  is  sufficient  fur  each  closet  when  used  by  six 
persons  daily,  and  the  whole  may  be  allowed  to  fall  at  once  from  the 
closet  through  a  12-inch  pipe  to  a  cesspit  below  the  house.  A  cesspool 
is  a  serious  evil ;  but  I  know  of  no  objection  to  a  cesspit. 

5.  By  this  process  alone  can  the  whole  of  the  valuable  material  be 
recovered  for  our  lands. 

Dr.  Fergus  has  shown  some  remarkable  examples  in  which  gastric 
fever  has  been  traced  to  the  escape  of  sewer  gas  through  small 
openings  eaten  throdgh  the  top  of  the  soil-pipe.  This  api)ears  to  be 
a  wide-spread  evil.  I  have  examined  some  of  these  specimens,  and 
find  the  substance  to  be  a  sort  of  lead  plaster,  containing  also  lime 
and  some  fatty  acid,  which  requires  further  examination.  I  have 
shown  that  only  remedial  measures  can  be  adopted,  where  the  water- 
closet  system  has  been  carried  out,  by  placing  boxes  of  charcoal  in 
the  closets,  and  filtering  the  sewage  through  charcoal  before  allowing 
it  to  enter  rivers. 

Our  authorities  want,  of  course,  some  grand  scheme,  but  they 
must  not  forget  that  the  question  is  one  of  minute  details.  We  are 
assailed  by  a  large  army  of  small  nuisances — one,  at  least,  to  every 
house — and  we  must  attack  them  one  at  a  time.  Attacked  in  their 
united  strength,  they  will  assuredly  overcome  us.  Ought  we  not 
rather  to  strike  at  the  root  of  the  evil?  Ought  we  not  to 
stop  the  mischief  at  its  numerous  sources,  and  before  these  can 
combine  into  a  mighty  force,  which  carries  everything  before  it? 

Let  the  subject  be  calmly  and  carefully  discussed ;  let  us  not  be 
carried  away  by  great  schemes  and  useless  expenditure ;  let  us  not 
''  strain  at  a  gnat,  and  swallow  a  camel;"  let  us  not  leave  to  posterity 
heavy  taxes,  with  barren  wastes  and  desolate  cities ;  but  let  us  rather 
pay  our  own  way,  and  leave  our  country  fertile  and  our  towns  pure, 
and  I  shall  never  regret  that,  however  imperfectly  this  subject  has 
been  brought  before  you,  my  earnest  wish  has  been  to  strike  "  one 
more  blow  for  life." 

A  lively  discussion  followed  the  reading  of  the  paper,  the  general 
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opinion  of  the  members  of  the  Section  being  highly  favourable  to  the 
process,  which  was  considered  the  most  novel  and  practical  which  has 
yet  been  introduced. 


VTL — On  the  Extension  of  the  Goal  Fidds  of  England  beneath  the 
recent  Geological  Formaiione.  By  Mb.  Edward  Hull,  F.RS., 
District  Surveyor  of  the  Geological  Survey  of  Scotland. 


Read  before  the  Society,  March  10,  1869. 


Mr.  Hull  commenced  by  observing  that  the  question  of  the  exhaustion 
of  our  coal  fields,  which  had  presented  itself  to  the  mind  of  the  late 
Dr.  Buckland  thirty  years  ago,  had  more  recently  occupied  a  con- 
siderable share  of  public  attention,  which  had  resulted  in  the  appoint- 
ment of  a  Boyal  Commission  to  investigate  this  and  kindred  subjects. 
The  lecturer  considered  the  present  a  favourable  opportunity  for 
coming  to  some  definite  conclusions  regarding  the  actual  areas  (whether 
concealed  beneath  more  recent  strata,  or  superficial)  of  the  British 
coal  fields,  both  on  account  of  the  great  advance  made  in  our  know> 
ledge  of  the  physical  geology  of  the  British  Isles  within  the  last  few 
years,  and  because  the  geological  surveyors  had  nearly  completed  the 
surveys  of  the  English  coal  fields  on  the  large  ordnance  maps,  whereby 
the  relations  of  the  coal  measures  to  the  bordering  formations  had 
been  accurately  determined.  The  lecturer  then  proceeded  to  describe 
the  original  margin  of  the  coal  formation  of  central  England,  as 
ascertained  by  actual  experiment  as  well  as  on  theoretical  grounds — 
showing  that  there  is  evidence  of  the  existence  of  a  tract  of  Silurian 
and  Devonian  rocks  stretching  with  an  iiTegular  outline  across  the 
centre  of  England,  from  Shropshire  and  Herefordshire,  into  the  eastern 
counties,  now  overspread  by  Mcsozoic  strata,  which  rest  directly  upon 
the  Silurian  rocks,  and  under  which  coal  does  not  exist.  This  old 
barrier  or  ridge  had  been  detected  in  the  district  of  South  Stafford- 
shire by  Sir  R.  Murchison  and  !Mr.  J.  B.  Jukes,  and  had  been  pene- 
trated in  abortive  coal  pits  south  and  east  of  Dudley.  This  old  ridge, 
which  was  dry  land  in  later  Paheozoic  times,  divided  the  coal  fields 
of  the  Midland  and  northern  counties  of  England  from  those  of 
Gloucestershire,  Somersetshire,  and  South  Wales,  which  were  originally 
united ;  as  were  also  the  coal  fields  north  of  the  ridge,  to  the  very 
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borders  of  Scotland.     Over  this  latter  tract,  extending  from   the 
southern  uplands  of  Scotland  into  the  central  counties  of  England, 
the  coal  measures  were  originally  continuously  spread,  and  attained 
their  maximum  development  towards  the  north-west  of  England, 
thinning  away  in  the  direction  of  the  old  ridge,  which  formed  their 
southern  margin.     The  coal  seams  also  partook,  though  not  to  the 
same  extent,  of  this  southerly  attenuation;  for  while  there  are  60 
feet  of  workable  coal  distributed  amongst  6,000  feet  of  strata  in 
Lancashire,  there  are  only  about  30  feet  distributed  amongst  2,500 
feet  in  Warwickshire  and  Leicestershire.     At  the  close  of  the  coal 
period  there  were  powerful  disturbances  over  the  whole  of  England, 
and  probably  the  south  of  Scotland,  along  lines  or  axes,  ranging 
for  the  most  part  N.  of  K  and  S.  of  W.     These  disturbances  were 
accompanied  by  denudation  on  a  grand  scale,  whereby  thousands 
of  feet  vertical  of  strata  were  swept  away,  and  the  coal  fields  of 
Lancashire,  Cheshire,  and  Yorkshire  were  dissevered  from  those  of 
Cumberland  and  Durham.     At  the  same  period  the  coal  field  of 
Derbyshire  and  Nottinghamshire  was  dissevered  from  that  of  Leicester- 
shire by  the  upheaval  of  the  lower  carboniferous  rocks  along  the  valley 
of  the  Trent,  and  to  the  north  of  the  North  Staffordshire  coal  field. 
This  axis  of  elevation,  along  which  the  coal  measures  had  been 
denuded  away,  was  considered  by  the  author  to  stretch  under  the 
central  plain  of  Cheshire,  emerging  from  beneath  the  Triassic  forma- 
tions on  the  borders  of  Denbighshire  and  Flintshire.      Over  the 
carboniferous  rocks  thus  disturbed  and  broken,  the  Permian  strata 
were  spread — those  of  the  central  counties  and  Shropshire  being 
physically  separated  by  an  intervening  ridge  of  lower  carboniferous 
rocks  from  those  of  the  north  of  England.     In  Warwickshire  these 
rocks  attain  a  thickness  of  1,800  or  2,000  feet     At  the  close  of  the 
Permian  period  another  series  of  powerful  movements  of  the  strata, 
accompanied  by  denudation,  took  place  along  axes  generally  ranging 
from  north  to  south.     It  was  at  this  period  that  the  Pennine  range 
of  hills,  also  called  <'  the  back-bone  of  England,"  was  upraised.     This 
ridge,  composed  of  lower  carboniferous  strata,  from  off  whose  surface 
the  coal  measures  have  been  swept  away  by  denuding  agencies,  ranges 
from  Derbyshire  to  the  borders  of  Scotland,  and  dissevers  the  coal 
fields  of  North  Staffordshire,  Cheshire,  and  Lancashire  on  the  west 
side,  from  those  of  Notts,  Derbyshire,  and  Yorkshire  on  the  east. 
From  analogy,  as  well  as  from  the  fact  of  the  uprise  of  the  coal 
measures  towards  the  east  along  the  Northumbrian  coast,  the  lecturer 
was  of  opinion  that  both  the  Durham  and  Yorkshire  coal  fields  are 
actual  basins,  formed  by  an  easterly  uprising  of  the  lower  carboniferous 
Vol.  VIL— No.  1.  f 
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strata  beneath  the  Triassic  and  Permian  formations.  This  view  was 
one  very  sti-ongly  advocated  by  Professor  A.  C.  Kamsay,  one  of  the 
most  eminent  authorities  of  our  day  on  physical  geology.  At  the 
commencement  of  the  Mesozoic  period  the  Triassic  strata  were  de- 
posited over  a  gradually  subsiding  sea  bed  formed  of  the  Paleozoic 
rocks,  attaining  an  enormous  development  in  the  north-west  of  Eng- 
land, and  thinning  away  in  the  direction  of  the  eastern  counties. 
The  succeeding  formations  of  the  Liassic,  Oolitic,  and  Lower  Cretaceous 
periods,  the  lecturer  considered,  were  successively  deposited  against^ 
and  terminated  by,  the  gradually  shelving  margin  of  the  old  ridge  of 
Silurian  ix>cks  previously  described.  This  view  was  confirmed  by  the 
boring  made  at  Harwich,  where  cleaved  schistose  rocks  of  lower 
carboniferous  age,  corresponding  to  the  Belgian  series,  were  found 
underlying  the  cretaceous  strata,  without  the  intervention  of  any  of 
the  formations  between  these  beds  and  the  coal  measures.  The 
lecturer  then  referred  to  a  diagramatic  section,  illustrating  his  views 
of  the  structure  of  the  central  and  eastern  counties,  showing  that  all 
the  evidence  we  possessed  went  to  disprove  the  existence  of  coal 
strata  under  this  part  of  England.  The  lecturer  then  alluded  to  the 
views  of  Mr.  R.  Godwin  Austen,  F.RS.,  respecting  the  possible 
extension  of  coal  measures  under  the  valley  of  the  Thames,  stating 
that,  from  the  uprise  of  the  carboniferous  limestone  along  the  east 
side  of  the  Somersetshire  coal  field,  and  the  inferred  ridge  of  older 
Paleeozoic  rocks  under  London,  as  described  by  Mr.  W.  Whitaker,  it 
would  appear  that  the  evidence  so  far  is  against  this  view;  while,  at 
the  same  time^  there  is  ample  space  for  the  existence  of  small  basins 
of  carboniferous  strata  under  this  part  of  England,  should  they 
ultimately  be  found  to  exist.  In  conclusion,  the  lecturer  referred  to 
the  views  of  Sir  Roderick  Murchison  on  this  question,  as  expounded 
on  the  occasion  of  the  meeting  of  the  British  Association  at  Notting- 
ham, stating  that  they  very  closely  coincided  with  those  held  by 
himself,  though  formed  on  somewhat  independent  grounds ;  and  this 
fact,  the  lecturer  contended,  might  be  taken  as  a  guarantee  of  the 
validity  of  the  conclusions  arrived  at  on  this  question.  The  general 
result  of  the  views  of  those  geologists  who  had  specially  investigated 
this  question  went  to  show  that  the  concealed  areas  of  the  coal  fields, 
though  undoubtedly  large  in  themselves,  were  very  much  smaller 
than  was  generally  supposed  by  some  of  the  sanguine  members  of 
Parliament  who  advocated  in  1859  the  unrestricted  exportation  of 
British  coal  to  foreign  countrie& 

In  the  course  of  a  short  discussion  on  Mr.  Hull's  communication, 
Mr.  Edward  Wunsch  made  some  forcible  remarks  on  the  necessity 
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of  economizing  the  oonsumpt  of  coal,  not  only  in  furnaces,  but  in 
household  use. 

The  Pbesident,  following  up  the  same  line  of  remark,  expressed 
his  belief  that  at  the  present  rate  of  consumption  the  coal  beds  of  the 
Clyde  district  would  not  last  longer  than  a  period  of  150  years,  and 
the  beds  of  ironstone  not  more  than  100. 


YTII.^The  Salt  DeposUa  at  StaaafuH.    By  MiassRS.  J.  H.  Bald  and 

James  Macteab. 


Read  before  the  Chemical  Section,  January  18,  1869. 


The  Bouthem  part  of  the  North  Crerman  basin  is  divided  by  the 
Hertz  into  two  portions  which  are  known  as  the  Thuringian  and  the 
Magdeburg  Halberstader  basins,  in  which  salt  has  been  raised  for  a 
lengthened  period  in  the  form  of  brine. 

The  basin  covers  a  surface  of  120  English  square  miles,  and  is 
filled  with  new  red  sandstone,  which  is  not  broken  up  by  any  of  the 
older  formations.  It  is  interspersed  by  elevations  of  gypsum,  which 
is  considered  a  certain  indication  of  the  presence  of  common  salt  In 
the  Prussian  mine  at  Stassfurt,  in  the  Magdeburg  basin,  after  passing 
through  27  feet  of  alluvial  soil,  a  thickness  of  576  feet  of  new  red  sand, 
stone  is  at  once  reached;  then  213  feet  of  gypsum,  anhydrit,  and  marl- 
the  salt  being  found  at  a  depth  of  816  feet.  In  the  Anhalt  mine  (half 
a  mile  from  the  Prussian  one)  the  sandstone  is  entirely  wanting,  the  salt 
bed  being  reached  at  a  depth  of  480  feet,  after  passing  through  20 
feet  of  soil  and  460  feet  of  gypsum,  anhydrit,  and  marl  (  Vide  fig.  2).  The 
bore-holes  at  Schonebeck  (about  15  miles  from  Stassfurt)  show  veiy 
distinctly  the  various  strata  with  which  the  basin  is  filled  up,  as  the 
salts  gradually  get  deeper  and  deeper.  Thus,  at  bore  No.  8,  the  salt 
is  1,000  feet  from  the  surface,  the  intervening  strata  being  200  feet  of 
alluvial  soil  and  800  feet  of  new  red  sandstone.  At  No.  5  there  is  37 
feet  of  alluvial  soil,  166  feet  of  mussel-chalk,  and  1,277  feet  of  new 
red  sandstone,  the  salt  being  1,480  feet  from  the  surface.  At  No.  6 
there  is  30  feet  alluvial  soil,  877  feet  mussel-chalk,  and  473  feet  new 
red  sandstone,  the  salt  being  1,380  feet  from  the  surface.  At  No.  4 
there  is  25  feet  alluvial  soil,  211  feet  of  what  in  Germany  is  called 
keuper  and  lettenkohle  (literally,  copper  and  letter  or  paper  coal). 
This  keuper  is  the  equivalent  of  the  saliferous  and  gypseous  shales 
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and  sandstones  of  Cheshire,  a  member  of  the  '^  Trias,"  or  new  red  sand- 
stone formation.  Lettenkohle  is  a  variety  of  lignite  known  in  the 
district  as  brown  coaL  Next  we  have  1,067  feet  of  mussel-chalk,  377 
feet  of  new  red  sandstone,  and  the  salt  at  a  depth  of  1,680  feet  Bore 
No.  3  is  somewhat  similar  to  No.  4,  there  being  30  feet  alluvial  soil, 
435  feet  keuper  and  lettenkohle,  1,087  feet  mussel-chalk,  212  feet  new 
red  sandstone — the  salt  being  1,764  feet  from  the  surface.  (  Vide  fig.  1.) 
In  the  Magdeburg  basin  the  salt  rests  on  new  red  sandstone,  and 
in  the  Thuringian  basin  on  mussel-chalk  and  magnesian  limestone. 

It  is  only  at  Stassfurt  and  Erfurt  that  the  salt  is  mined;  at  all 
the  other  places  it  is  obtained  by  means  of  brine  wells,  the  liquor 
from  which  is  concentrated  by  the  graduation  process,  which  consists 
in  allowing  the  weak  liquor  to  trickle  through  walls  made  of  bundles 
of  thorns  and  brushwood. 

The  graduation-houses  consist  of  a  timber  framing,  into  which  the 
fiiggots  of  thorns  are  built  in  regular  walls.  The  structure  is  covered 
with  a  roof  to  protect  it  from  the  rain;  but  the  sides,  of  course,  are 
open,  to  admit  of  the  free  passage  of  air,  which,  together  with  the  solar 
heat,  forms  the  evaporating  medium. 

The  walls  are  from  30  to  50  feet  high,  and  of  immense  length,  the 
celebrated  one  at  Schonebeck  being  fully  more  than  an  English  mile 
in  length.  They  are  placed  in  the  manner  best  suited  to  obtain  the 
full  benefit  of  the  prevailing  wind.  The  house  is  divided  into  several 
sections,  and  the  weak  liquor  is  pumped  up  into  a  cistern,  from  which 
it  is  led  by  means  of  a  perforated  pipe  along  the  top  of  the  first 
division,  down  the  sides  of  which  it  trickles  into  a  large  wooden  tank 
underneath ;  from  this  it  is  pumped  up  and  allowed  to  trickle  through 
the  second  division;  from  underneath  which  it  is  pumped  on  to  the 
third;  and  so  on  until  it  reaches  the  last  one.  In  graduation-houses 
where  the  number  of  compartments  does  not  exceed  three,  and  indeed 
in  all  of  them,  to  a  greater  or  less  extent,  the  liquor  is  pumped 
through  the  same  division  several  timea  The  weak  brine  at 
Schonebeck  contains  7^  per  cent,  of  common  salt,  which  at  the  finish 
of  the  graduation  process  is  raised  to  about  22  per  cent.  In  this 
state  it  is  run  into  large  tanks,  of  which  there  are  eight  at  Schonebeck, 
of  an  aggregate  capaciity  of  about  2,500,000  gallons.  From  these  tanks 
it  is  drawn  off  to  the  evaporating  pans,  as  required  for  boiling  down. 
At  these  works  the  process  of  graduation  can  be  carried  on  for  an 
average  of  250  days  in  the  year. 

The  boring  operations  were  commenced  at  Stassfurt  on  the  3d 
April,   1839,  and  in  June,  1843,  had  penetrated  to  the  rock  salt 
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region.  In  January^  1851,  when  it  had  reached  a  depth  of  1,851 
feet,  the  liquor  from  the  bore  contained — 

Solphftte  of  Magneaiam, 4'01 

Chloride  of  Magnesiam, 19'43 

Chloride  of  PotamrinTn 2*24 

Chloride  of  Sodiom, 5*61 

Total  Salts,       ....    31*29 

However,  in  1848,  Professor  Marchand  gave  it  as  his  opinion  that 
the  salts  were  not  mixed  in  the  manner  represented  by  the  brine, 
but  that  pure  rock  salt  would  be  found  at  the  bottom,  with  the  more 
soluble  salts  overlying  it;  and  so  much  weight  was  given  to  his 
opinion,  that,  in  December,  1851,  after  having  penetrated  to  a  depth 
of  just  as  many  feet  as  there  were  then  years  in  the  Christian  era,  the 
sinking  of  the  shaft  "  Yon  der  Heydt "  was  commenced,  followed  in 
January,  1852,  by  that  of  the  shaft  '<  Yon  Monteuffel;''  and  in  1856 
the  pure  salt  was  found  1,066  feet  from  the  surface.  The  shaft 
passes  through, ^«^,  27  feet  of  alluvial  soil;  second,  576  feet  of  sand- 
stone, with  some  schist  and  gray  limestone;  third,  192  feet  of  gypsum 
and  anhydrit;  fourth,  21  feet  of  bituminous  matter,  mixed  with 
anhydrit  and  common  salt, — making  in  all  816  feet  Next  there  is 
158  feet  of  abram  or  potash  salts,  the  value  of  which  was  not 
reoog^uized  at  first,  but  which  now  play  a  very  important  part  in 
the  industry  of  the  country.  The  shaft  then  passes  through  92  feet 
of  rock  salt,  the  upper  portion  of  which  is  rather  impure,  being  mixed 
to  a  considerable  extent  with  anhydrit  This  makes  a  total  depth  of 
1,066  feet,  and  at  this  point  the  lateral  workings  were  commenced. 
These  consist  of  large  galleries,  the  principal  of  which  are  from  40 
to  60  feet  broad,  20  to  25  feet  in  height,  and  about  200  feet  long. 
The  salt  is  wrought  in  a  manner  somewhat  similar  to  our  long-wall 
system :  a  series  of  holes  of  sufficient  depth,  about  6  feet  or  so,  are 
drilled  in  the  face  of  the  salt,  about  5  feet  from  the  floor,  and  this  depth 
of  material  is  removed  by  a  series  of  small  blasts.  This  operation  is 
repeated  until  a  considerable  space  has  been  cleared  under  the  over- 
hanging mass  of  salt  Bore-holes  are  then  drilled  close  to  the  roof, 
and  by  a  series  of  simultaneous  blasts  a  large  mass  of  salt  is  dislodged. 
In  one  of  those  halls  or  galleries  which  we  visited  there  was  lying 
on  the  floor  a  mass  of  between  2,000  and  S,000  tons,  which  had  been 
removed  in  this  manner  a  few  days  previously.  A  number  of  boys 
are  employed  to  pick  out  the  pieces  of  pure  salt,  which  only  requires 
grinding  to  fit  it  for  domestic  use.  The  salt  is  removed  to  the  pit 
bottom  in  hutches  running  upon  rails,  exactly  similar  to  those  in  use 
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in  oar  own  coal-pits ;  from  this  they  are  lifted  to  the  surfisuse  by  an 
engine  of  130  horse-power,  and  removed  to  the  grinding  mills,  of 
which  there  are  twelve  at  the  mines.  There  is  also  a  200  horse- 
power engine  for  pumping,  which  lifts  13  cubic  feet  of  water  per 
minute. 

The  workings  into  the  potash  salts  are  opened  pn  the  other  side 
of  the  shaft  from  the  common  salt  galleries;  for,  although  the  salts 
are  deposited  one  on  the  top  of  the  other,  still,  as  they  dip  at  an 
angle  of  30%  they  are  all  wrought  from  the  one  level     (  Vide  fig.  2.) 

The  total  thickness  of  the  salts  is  1,197  feet;  and  this  may  be  said 
to  consist  of — 

989  feet  Bock  Salt 

36    „    Anhydrit 

13    „    PolyhaUt 

51    ,,     Eaeserit. 

98    „    Gamallit. 

13    „    Hydrated  Chloride  of  Magnesiam. 

This  gives  a  composition  of— 

Chloride  of  Sodium 85'82 

Sulphate  of  Calcium, 4*88 

Sulphate  of  Magnesium, 4*70 

Sulphate  of  Potassium, 0*40 

Chloride  of  Magnesium, 2*53 

Chloride  of  Potassium, 1*67 

100- 

We  will  now  consider  the  beds  aeriatim^  beginning  with  the  lowest, 
which  is  called  the  cmhydrU  region^  and  consists  of  685  feet  of  pure 
rock  salt,  interspersed  with  thin  layers  of  anhydrit  \  inch  or  so  thick, 
and  dividing  the  salt  at  intervals  of  from  1  to  7  or  8  inches.  The 
salt  is  pure  and  colourless  when  pulverized. 

The  anhydrit  is  anhydrous  sulphate  of  calcium,  and  contains  a 
small  quantity  of  a  bituminous  matter,  which  imparts  to  it  its  char- 
acteristic gray  colour;  traces  of  organic  remains  are  also  proved  by 
the  prefi^nce  of  a  gas  containing  carbureted  hydrogen,  which,  according 
to  Bischof,  has  the  following  composition : — 

Carbuxeted  Hydrogen, 86 

Carbonic  Aci(^ 3 

Atmospheric  Air, 12 

100 
It  is  present  in  quantities  of  about  3  cubic  centimetres  per  kilo- 
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gramme  in  the  rock  salt,  and  about  8  cubic  centimetres  in  the  kali 
salts.  It  presents  the  appearance  of  air  bubbles  in  the  transpai*ent 
crystals.  The  specific  grayitj  of  anhydrit  is  2  9  68,  and  it  is  soluble 
in  water  to  the  extent  of  1  part  in  500. 

In  the  second,  or  polyhalU  regioriy  we  have,  besides  the  common 
salt  and  sulphate  of  lime,  adei>osition,  from  what  might  be  considered 
the  mother  liquors,  of  the  sulphates  of  potassium  and  magnesium, 
which  have  combined,  with  the  sulphate  of  calcium,  to  form  the  salt 
polyhalit^  from  which  this  division  takes  its  name.    Its  composition  is 

2  Ca  S  O4  +  Mg  S  O4  +  K,  S  O4  +  2  H,  O. 

It  has  a  specific  gravity  of  2*720,  and  is  immediately  decomposed  by 
water.  Specimens  of  it  are  seldom  found  pure,  as  they  generally 
contain  from  2  to  6  per  cent  of  chloride  of  sodium. 

This  bed  is  about  200  feet  thick,  and  has  an  average  composition, 
according  to  Steinbeck,  of — 

Chloride  of  Sodium, 91*20 

Anhydrit, 0*66 

PdyhaUt, 6*33 

Hydrated  Chloride  of  Magnesinm,       ....  1*51 

99.70 
The  upper  layers,  however,  being  the  more  impure. 

In  the  third,  or  kieserit  region,  the  gradual  disappearance  of  the 
more  insoluble  salts  is  made  manifest;  for  it  contains  on  an  average 
only  2  per  cent  of  anhydrit  and  about  60  per  cent  of  common  salt^ 
and  from  17  to  20  per  cent  kieserit,  which  is  monohydratcd  sulphate 
of  magnesium — the  formula  being  Mg  S  O4  +  H,  O,  and  its  specific 
gravity  2*517.  Specimens  found  in  the  mine  generally  contain  from 
1  to  2  per  cent  of  chloride  of  sodium  or  magnesium.  It  is  amor- 
phous, grayish-white,  and  transparent,  and  in  the  air  has  a  tendency 
to  pass  into  epsoms,  becoming  opaque  during  the  transformation.  It 
is  soluble  in  rather  more  than  twice  its  weight  of  water  (40*9  parts  in 
100  Hj  O).  When  the  quantity  of  water  is  not  sufficient  for  com- 
plete solution,  this  salt  has  the  peculiar  property  of  absorbing  a 
certain  quantity  of  it,  and  setting  into  a  hard  mass,  more  resembling 
a  piece  of  flint  than  anything  else,  and  with,  of  course,  a  considerable 
increase  of  volume. 

In  the  fourth  and  last  division,  which  is  called  the  camaUit  region^ 
the  insoluble  salts  are  entirely  gone,  and  even  the  common  salt  gives 
place  in  quantity  to  the  more  soluble  camallit,  the  average  com- 
position being — 
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CanuUit, 55 

Common  Salt, 25 

Eieteiit, 16 

Hydrated  Chloride  of  Magnenom, 4 

100 

Camallit,  when  pure,  consists  of 

KCl  +  MgCl,  +  6H,0, 

having  a  specific  gravity  of  1'618,  and  dissolving  in  about  one  and  a 
half  times  its  weight  of  water  at  18^  C.  It  is  crystalline,  clear,  and 
colourless ;  but,  as  found  in  the  mine,  it  varies  from  pure  white  to  a 
deep  red  colour,  owing  to  the  presence  of  minute  quantities  of  per- 
oxide of  iron.  This  peroxide  of  iron,  when  separated  from  the  salts, 
presents  the  appearance  of  a  coppery  bronze  powder;  but  when  viewed 
under  the  microscope,  it  is  found  to  consist  of  distinct  crystals  of 
exceedingly  beautiful  appearance,  varying  in  colour  froxn  golden 
yellow  to  dark  red.     {Vide  ^g.  3.) 

The  camallit  is  very  deliquescent,  and  on  exposure  to  a  damp 
atmosphere  the  chloride  of  magnesium  gradually  drains  away,  leaving 
the  chloride  of  potassium  behind.  This  probably  accounts  for  the 
presence  of  sylvin  or  pure  chloride  of  potassium,  small  quantities  of 
which  are  found  underneath  the  carnallit  It  is  rather  more 
abundant  in  the  Anhalt  mine;  and  this  would  further  tend  to  prove 
the  theory  that  it  is  the  product  of  the  decomposition  of  camallit,  as 
the  qbloride  of  magnesium  is  found  to  preponderate  in  the  lower- 
lying  level  of  the  Stassfurt  mine  as  tachydnL 

Sylvin  is  variously  coloured,  and  has  a  bright  shining  appearance, 
which  has  been  not  inaptly  compared  to  mother-of-pearl.  Its  specific 
gravity  is  2*025,  and  34*5  parts  of  it  dissolve  in  100  of  water  at  18  j°  C. 

It  is  occasionally  found  in  large  perfectly  transparent  crystals, 
which,  accoixling  to  Professor  S.  Magnus  of  Berlin,  are  as  transparent 
to  heat  as  rock  salt;  and  this  diathermic  property  does  not  change 
with  the  temperature  of  the  source  of  heat  any  more  than  rock  salt 
does,  and  which  has  hitherto  been  the  only  substance  known  to 
possess  the  latter  quality. 

The  tctchydrU  already  mentioned  is  a  salt  having  the  same  com- 
position as  camallit,  but  in  which  the  potassium  is  replaced  by 
calcium,  its  foimula  being  CaCl2  +  2MgCl2+  I2H2O.  It  is 
very  deliquescent  and  very  soluble,  100  jmrts  of  water  at  18J°  C.  dissolv- 
ing 160*3  parts  of  the  salt.  It  is  the  only  salt  which  raises  the 
temperature  of  the  water  during  solution,  all  the  others  having  the 
property  of  lowering  it  during  that  operation. 
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Besides  sylvin  and  tachydrit,  there  exists  also,  though  in  such 
irregular  quantities  that  it  cannot  be  calculated  upon  with  cer- 
tainty, a  salt  called  kianit,  having  the  following  composition : — 

Mg  S  O4  +  K2  S  O4  +  H,  O. 

It  is  evidenilj  the  product  of  a  secondary  decomposition,  arising 
from  the  action,  probably  during  a  low  temperature,  of  sulphate  of 
magnesium  upon  chloride  of  potassium. 

We  also  have  what  is  probably  the  most  peculiar  and  unaccount- 
able compound  in  these  mines,  viz.,  boracite,  the  composition  of  which 
is  6  Mg  O,  8  Bj  O3  +  Mg  C  l^',  specific  gravity  2*9.  It  is  found 
scattered  all  over  the  deposit  in  nodules,  varying  in  size  from  the 
most  minute  up  to  7  or  8  inches  in  diameter,  and  although  occurriog 
in  the  most  soluble  salt  beds,  is  of  itself  almost  insoluble  in  water, 
and,  in  fact,  is  with  difficulty  decomposed  by  acids ;  but  its  greatest 
peculiarity  is,  that  it  always,  and  without  exception,  contains  a  kernel 
of  the  easily  soluble  camallit  or  tachydrit.  It  does  not  exist  in  any 
great  quantity,  the  annual  yield  being  somewhere  about  10  tons.  A 
small  quantity  of  bromine  is  also  found  in  this  region,  existing  as 
bromide  of  magnesium ;  casium  and  rubidium  can  also  be  detected ; 
but  hitherto  all  attempts  to  prove  the  presence  of  either  lithium  or 
iodine  have  been  without  success. 

The  ingredients  in  this  region  do  not  exist  as  a  homogeneous 
mass,  but  are  deposited  in  distinct  layers,  which  repeat  themselves 
frequently,  and  vary  in  thickness  from  a  mere  line  to  several  feet 

It  is  from  the  impure  camallit  that  the  manufacture  of  muriate  of 
potash  is  so  largely  carried  on  in  the  neighbourhood.  This  salt, 
which  is  coarsely  ground  at  the  mines,  has  an  average  composition  of — 

Chloride  of  Potaasiam, 16 

Chloride  of  Magnesium, 20 

Chloride  of  Sodium, 25 

Sulphate  of  Magnesia, 10 

Water, 29 

100 

It  also  contains  small  quantities  of  sulphate  of  lime  and  bituminous 
matter,  which  occasion  the  manufacturer  some  considerable  trouble,  as 
in  strong  solutions  they  are  light  and  flocculent,  and  consequently 
somewhat  difficult  to  settle. 

The  manufacture  of  the  muriate  is  entirely  a  question  of  the 
solubilities  of  the  various  salts,  the  key  to  which  is  the  £Eu$t  that  the 
double  salt  of  chloride  of  potassium  and  magnesium  forma  onl^  itc^m 


iiottim  vldeb  adAs  m  tike  ^^""^"^      Ton  viu  find  it  fsmcuok  br 

eomfcTniTtg  &  juar^  ex^oes  of  ciilosaoe  of  hwcxmbizxc:^  bm  lids  1ms 
l^em  psvrcm  br  expernDent  tc*  be  &  oflExiisE-  rihffmifau  qnamaxr.  viz., 
4  psru  of  dblocide  of  mMcnecizis  md  1  part  of  c^ondr  of  pocunm, 
or.  is  otLor  vordfi.  fL  jmra  of  c^LLoridfr  of  macnesznin  bo^  in  Kdntaon, 
up  lo  a  oeruiii  ssre&gtlL  1  pm  of  rnnaLTTn — wo  ibil  on  c&wJiii^ 
tiie  crade  nJt  is  ^mter.  ibe  cblaride  of  magriBwiiin  takes  Tip  itB 
qnuttztr  of  cblotide  of  poEuenmi,  irbiiBt  the  icmundes'  cnmlliKS 
OBt  as  mmiKse.  ndxed  iridi  cxmuDon  sdx  and  %.  snuJl  qnamztj  of 
wilphrtp  cf  XBagTkBEai.  Ibe  skcffber  liqnoR  ur  tben  fsriber  boiled 
dcnm  iio  (A^Bixi  m  crap  of  arsafioal  axnalliL,  ^vbidi  in  turn  is  tresiedin 
a  «"*^»*'  iDumer  to  tbe  ra'v  nh  to  obtain  a  fiarlbcsr  finpphr  of  maxiste. 
Tbe  BBanses  produced  tsit  in  ftcrangiii  froon  7^  to  i«S  per  cent. 

Tbe  broaoiBe  is  cxtncted  in  xmHstalik  qiiantiiaes:  and  cpaom 
adts  are  also  prepared  at  BDcne  cf  tbe  vnks  from  ibe  Vig-wih ;  wbikt 
at  odicn  a  ooosideiabLe  qnantitT  of  tbe  donlde  wilp^atr  of  inagBeKiiB 
aod  potafldnm — a  ooinpoax>d  containing  1  eqnrralent  of  eadi  of  tbe 
aolphates  oombined^  witb  6  atoms  of  water — is  nade. 

This  aik  is  lax^^elr  nsed  as  a  manure  for  tbe  sn^ar  beet.  It  is 
generdlj  imdecatood  tbat  tbe  beet  grovs  equaUr  wd  witb  aoda  aa 
witb  poladi;  bat  tbe  cnhiTaton  prefior  to  me  tbe  latter,  as  it  is  neatly 
all  reoorered  in  tbe  state  of  carbonate,  and  of  coone  is  greatlj 
^ttJMfMSftil  in  Tihie;  tbe  beet  plant  being  tbns  made  to  play  as  it  were 
tbe  part  of  tbe  deeomposixig  and  bailing  fumaoeSy  used  in  tbe  ordinary 
course  of  alkali  manofiMtore. 

This  leads  us  to  consider  wbat  would  bare  been  tbe  present 
state  of  tbe  potash  tr&de  had  it  not  been  for  tbe  opportune  dis- 
coTety  of  this  deposit,  prerioos  to  wbidi  our  only  sources  of  potash 
were  the  muriate  and  sulphate  &om  kelp,  prindpaDy  wrought  in 
Glasgow  and  the  north  of  Ireland ;  and  tbe  carbonate  or  potashes  of 
North  America.  Whether  the  supply  has  regulated  the  demand  or 
not,  it  is  difficult  to  say ;  but  it  is  a  foot  that  the  produce  fit>m  the 
two  last-named  sources  has  rather  increased  than  decreased,  whilst 
we  have  in  addition  the  large  supply  obtained  from  the  Stassfuii 
deposits. 

This,  of  course,  has  been  followed  by  a  corresponding  reduction  in 
price.  Muriates  of  80  per  cent.,  which  in  1863  sold  at  £21,  lOs.  per 
ton,  can  now  (1869)  be  purchased  for  £8,  10«. 

The  carbonate  has  not  faUen  in  the  same  ratio,  owing  to  the 
increasing  employment  of  it  in  the  arts  and  mannfoctnrea.     There  is 
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consequently  a  great  prize  in  store  for  the  chemist  who  bj  his 
ingenuity  can  discorer  some  more  direct  process  than  that  at  present 
in  use  for  the  conversion  into  carbonate  of  the  vast  quantities  of 
chloride  stored  up  in  these  German  mines. 

To  the  scientific  chemist  and  geologist  this  deposit  presents  a  vast 
field  well  worthy  of  attentive  study  and  research. 

The  generally  accepted  theory  is,  that  it  is  the  product  of  the  slow 
evaporation  of  some  vast  ocean  by  a  process  similar  to  that  which 
is  at  present  going  on  in  the  Dead  Sea,  the  waters  of  which  are 
supposed  to  have  already  been  evaporated  down  to  1,300  feet  from 
their  original  leveL  If  we  examine  an  analysis  of  this  sea,  we  find 
that  it  contains  6^  per  cent,  chloride  of  sodium,  1^  chloride  of  pot- 
assium, 2|  chloride  of  calcium,  10^  chloride  of  magnesium,  and  about 
I  bromide  of  magnesium.  The  sulphates  have  almost  entirely  dis- 
appeared ;  and  looking  at  the  preponderance  of  the  more  soluble  salts 
over  the  chloride  of  sodium,  we  are  forced  to  the  conclusion  that 
there  must  be  already  deposited  at  its  bottom  a  vast  quantity  of 
the  latter  salt 

The  great  salt  lake  of  North  America,  and  some  others  in  the 
south  of  Russia  and  in  Asia,  which  contain  almost  nothing  but 
chloride  of  sodium,  must  be  regarded  as  fresh-water  lakes,  which 
derive  their  saline  matter  from  some  already  formed  deposits  of  salt. 

In  August,  1867,  the  Prussian  government  commenced  boring  for 
salt  at  Sperenberg,  and  at  the  end  of  August  last  year  (1868)  they 
had  penetrated  to  a  depth  of  952  feet,  principally  through  gypsum, 
when  they  suspended  operations,  to  admit  of  more  powerful  iustru- 
ments  and  machinery  being  made.  These  being  ^now  supplied,  the 
work  is  again  going  on.  There  is  no  doubt  that  they  will  reach  the 
salt  strata;  and  we  await  the  result  with  considerable  interest,  to  see 
if  the  potash  salts  exist  there  also. 

There  are  others  besides  scientific  men  to  whom  these  mines  are  a 
source  of  interest.  To  the  political  economist  they  mean  an  almost 
inexhaustible  supply  of  the  "  savour  of  the  earth," — employment  to 
the  people,  trade  to  the  country,  and  pounds  shillings  and  pence  to 
the  merchant  and  manufJEicturer.  To  the  visitor,  be  he  scientific  or 
non-scientific,  a  visit  to  the  mines  will  amply  repay  him  for  his  trouble. 

The  appearance  of  the  workings  in  the  kali  salt  portion  of  the 
mine  is  no  less  beautiful  than  wonderful,  and  is  so  entirely  unlike 
what  we  see  in  mines  in  this  country,  that  we  are  entirely  at  a  loss 
for  anything  to  which  we  can  compare  them ;  and  it  is  utterly  im- 
possible for  any  description  to  prepare  the  visitor  for  the  novel  sight 
which  meets  his  eye  when  he  enters  these  workings  for  ih^  to^  \i\&A. 
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All  haye  heard  of,  and  many  have  witnessed,  the  wonderful  grandenr 
of  the  mammoth  and  other  caves  of  North  America,  with  their 
unfathomable  subterranean  rivers,  where  size  and  form,  together  with 
the  light  and  shade  produced  bj  the  flickering  torches  of  the  guides, 
are  what  excite  the  wonder  and  admiration  of  the  traveller.  At 
Stassfurt  we  have  neither  the  rivers  nor  the  vast  size,  but  we  have 
space  which,  in  the  bowels  of  the  earth,  seems  great.  We  have 
beautiful  form  in  the  sparkling  irregular  angles  formed  bj  the  pick 
and  the  cavities  left  by  the  blast,  to  enhance  which  there  is  the  magic 
charm  of  colour,— colours  of  nearly  every  tint  in  the  rainbow,  passing 
from  a  deep  purple,  through  crimson,  bright  red,  orange,  and  yellow^ 
to  snowy  white,  all  in  regular  layers,  but  varying  in  size  and  arrange- 
ment, and  from  the  angle  of  the  dip,  each  layer  forming  an  almost 
perfect  arch.  The  effect  is  further  heightened  by  the  nodules  of 
boracit,  which  have  the  appearance  (as  graphically  described  by  one 
of  our  members  who  is  well  acquainted  with  the  mine)  of  having 
oeen  shot  at  random  from  a  park  of  artillery,  so  irregularly  are  they 
scattered,  and  so  firmly  are  they  imbedded  in  what  meanwhile  seems 
to  us  an  altogether  foi'eign  place  for  them. 

On  the  occasion  of  our  visit,  after  having  been  conducted  through 
such  a  gallery  as  we  have  attempted  to  describe,  we  left  the  main 
working,  and  after  going  a  few  yards  through  a  narrower  passage, 
we  found  ourselves  in  a  small  chamber  about  20  feet  square— the 
preliminary  opening  for  a  new  working.  Underneath  what  is  now 
the  roof  of  this  cavern  there  had  been  a  lodgment  of  water,  which 
had  completely  dissolved  all  the  more  soluble  salts,  and  left  the 
common  salt  and  chloride  of  potassium  in  magnificent  crystals  of 
absolute  purity.  This  formed  a  dome-shaped  roof,  which,  sparkling 
and  glistening  in  the  light  of  our  lamps,  rivalled  in  beauty  anything 
we  had  ever  imagined  of  the  celebrated  Valley  of  Diamonds. 


IX. — On  the  SurCs  Distance  and  Parallax,    Bt  Mb.  St.  John  Vincent 

Day,  C.K 


Bead  before  the  Society,  April  14^  1869. 


In  Modem  Science, 

In  bringing  certain  considerations  and  facts  relating  to  the  solar 
distance  and  parallax  before  the  Philosophical  Society,  there  is,  I 
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think,  no  occasion  to  enter  into  any  extended  explanation  ot  reasons 
for  doing  so.  The  grandeur  of  all  problems,  "whatever  be  the  method 
of  solution  employed,  pertaining  to  the  ascertainment  of  the  values  of 
these  two  constants,  which  to  us  earth  inhabitants  are  fundamental, 
so  far  as  relates  to  the  precision  of  our  knowledge  of  the  chief  nume- 
rical values  of  the  elements  of  the  Cosmos,  is  generally  recognized ; 
and  the  importance  of  obtaining  the  length  of  the  Earth's  mean 
radius-vector  from  the  Sun,  within  the  smallest  attainable  limits  of 
error,  has  so  often  been  expatiated  on,  and  of  late,  more  especially 
in  so  many  quarters,  that  it  is  unnecessary  for  me  to  repeat  much  of 
what  has  very  justly  received  such  wide  publicity. 

But  without  unduly  hastening  on  to  the  main  facts  of  this  paper,  it 
is  as  well  to  remind  ourselves  that  upon  the  accurate  determination 
of  the  solar  distance  and  parallax  depends  our  closeness  of  approach 
to  an  absolute  knowledge,  not  only  of  the  dimensions  and  mass  of 
our  own  ''  earth-ball,"  but  also  of  the  Sun  himself,  the  Moon,  and  all 
the  planets.     Nor  is  this  all ;  for  beyond  our  own  system,  other  systems 
have  been  discovered  to  exist,  so  far  from  us  that  light  proceeding 
from  them  occupies  whole  years — nay,  centuries,  nay,  even  milleniums — 
in  travelling  through  space  to  us ;  and  any  attempt  at  angular  measure- 
ments made  from  the  mere  Earth  itself  to  them  is  impracticable, 
because  these  bodies  have  no  sensible    terrestrial    parallax    when 
attempted  to  be  so  measured;  that  is  to  say,  the  angle  contained 
between  two  rays  proceeding  from  these  far  distant  suns  and  systems 
to  the  farthest  distant  points  on  opposite  sides  of  our  Earth,  from 
which  they  can  be  observed,  is  so  small,  that  by   means   even  of 
our  best  angular  measuring  instruments  we  are  not  capable  of  deter- 
mining it.     This  fact  may  be  more  apparent  when* we  remember  that 
the  angle  subtended  by  the  semi-diameter  of  the  Earth,  touching  two 
lines  or  rays  proceeding  from  the  Sun,  is  a  quantity  lying  between  8" 
and   9"  of  space  only;  and  a  tolerably  close  determination  of  so 
very  small  an  angle  of  so  "ill-conditioned"  a  triangle   has  baffled 
the  grandest  efforts  of  astronomers  ever  since  the  age  when  astronomy 
grew  up  into  a  science  with  laws  and  methods  of  its  own.     Hence, 
then,  we  require  an  immensely  extended  base  line  beyond  our  mere 
earth-ball  before  we  can  approximate  even  to  any  rough  knowledge 
of  the  magnitude  of  the  stellar  universe;  thus  we  have  to  seek  one 
lying  outside  our  own  sphere.     And  as  the  longer  that  base  line 
is,  with  so  much  the  more  weight  does  it  sei-ve  us  in  obtaining  infor- 
mation regarding  the  dimensions  of  the  Cosmos :  therefore  astronomers 
have  chosen  that  particular  one  which  has  the  least  ratio  of  variation, 
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and  tlie  utmost  nmge  in  change  of  statum  lor  onradTeB,  yiml,  the 
radioa-vector  of  Uie  Earth  from  the  Sun. 

In  speaking,  then,  of  this  radios- vector,  I  most  make  yon  fiimiliar 
with  ihe  fiurt  that  it  is  not  the  rsdins-Tector  of  the  Earth  from  tiie 
Son  at  anj  particolar  instant  of  time  which  is  meant,  but  the  mean 
ndios-yector  for  the  whole  year.  Bj  the  nse  of  so  gigantic  a  base  line, 
then,  we  are  able  to  obsenre  and  record  the  positions  of  some  of  the 
fiuthest  visible  sons  or  stars  which  people  space,  and  tiiat  from  two 
points  whose  extreme  distance  apart  is  equal  to  twice  the  length  of  the 
Son's  mean  distance  from  the  Earth ;  or,  in  other  words,  we  are  able  to 
observe  these  bodies  from  two  points  situate  opposite  each  other  in  the 
EariJi's  orUt,  at  a  distance  of  more  than  180,000,000  of  miles  apart 
Tet  with  this  the  differences  observable  are  generally  so  minote  that^ 
after  the  observations  are  redoced,  it  is  foond,  with  veiy  few  excep- 
tionsy  the  bodies  themselves  are  so  hr  distant  that,  even  with  ihe 
present  conditions  of  excellence  of  our  observing  instruments,  they 
have  no  sensible  parallax.  In  the  case  of  fixed  stars,  there  are  only 
nine  instances  wherein  their  parallax  has  been  detected;  and  so  far  as 
is  yet  known,  «  Centauri  is  nearest  to  us,  it  being  affected  wiUi  a 
parallax  of  0''-913,  which  corresponds  to  a  distance  of  20,656,000,000,000 
of  miles,  on  a  certain  assumption,  first  of  all,  of  what  our  distance 
from  the  Sun  is  in  miles;  but  if  that  be  in  error  by  only  ^,  alas!  how 
many  millions  of  miles  is  not  the  above  stellar  statement  also  in 
error! 

This  evening,  however,  we  have  not  to  deal  with  facts  and  figures 
so  fiu:  distant  from  and  transcendental  over  us;  and  I  have  merely 
cited  the  foregoing  remarks  to  lead  up  our  minds  to  some  idea  of  the 
significance  of  the  subject  under  our  consideration.  Let  us,  then, 
return  to  the  quantities  nearer  home,  and  to  the  true  determination 
of  which  we  have  some  more  positive  need  and  higher  demand  upon 
our  care  at  the  present  tima 

An  unusual  amount  of  interest  is  being  felt  in  the  Sun's  distance 
and  parallax  at  the  present  time,  because,  amongst  other  reasons,  we 
are  gradually  approaching  two  of  those  rare  astronomical  events 
which  until  very  lately,  and  for  more  than  a  century  past,  have  been 
looked  upon  by  astronomers  as  affording  the  best  foundation  for 
observations  on  which  to  compute  the  numerical  constants — viz.,  the 
transits  of  Venus  across  the  disc  of  the  Sun,  which  will  occur  in  1874 
and  1882. 

It  is  this  very  year,  exactly  a  century  since,  the  last  transit  of 
Yenus  occurred,  and  was  observed  largely  on  account  of  attention 
having  been  directed  to  the  employment  of  the  method,  as  the  best 
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poflsible  basis  for  solar  distance  observations,  bj  the  illustrious  British 
astronomer  Hallej.  I  need  scarcely  remind  you  of  the  interest  which 
the  leading  European  nations  of  that  epoch  took  in  observing  the 
transit  Expeditions  were  fitted  out  to  the  southern  hemisphere  and 
the  Pacific  Ocean  by  the  British  Grown,  whilst  France,  Kussia,  and 
other  Continental  powers  followed  her  example  in  their  respective 
r^ons  of  empire;  the  i*esult  being  the  formation  of  a  vast  collection 
of  observations  from  various  points  of  the  earth  in  both  the  northern 
and  southern  hemispheres;  and  from  the  most  inclement  plains  of 
snow-covered  Siberia  to  the  waving  palms,  sunny  shores,  and  coral 
islets  of  our  gallant  Captain  Cooke's  Otaheite. 

The  method  of  observation  by  means  of  the  transit  of  Venus  consists 
in  noting  the  times  of  ingress  and  egress  of  the  planet  on  the  Sun's 
disc  from  as  many  pre-selected  stations  on  the  Earth  as  possible  (and 
whose  longitude  must  be  well  known),  from  which  the  whole  transit 
is  visible;  after  which  the  observations  have  to  be  reduced  by 
complex  mathematical  methods,  involving  much  faithful  labour 
and  due  application  of  corrections  for  errors,  which,  through 
various  inseparable  physical  and  personal  causes,  creep  into  the 
observationa 

I  have  alluded  to  the  ingress  and  egress  of  the  planet;  but  I  have 
not  mentioned  a  special  difficulty  which  attends  the  observing  of  this 
with  accuracy. 

As  soon  as  the  planet  begins  its  journey  fiEurly  across  the  Sun'a 
disc^ — that  is  to  say,  at  the  instant  when  the  outer  edge  is  in  contact 
with  the  Sun's  limb— it  does  not  appear  as  a  round  black  ball  projected 
on  the  luminous  solar  disc,  but  for  a  time  the  two  limbs  appear  to  be 
joined  together  by  a  black-looking  protuberance  or  ligament;  and 
nntil  this  breaks  the  planet  is  not  seen  to  be  fairly  off  on  its  transit 
across  the  Sun ;  indeed,  during  the  whole  of  the  time  that  it  is  passing 
on  to  the  Sun  its  entire  circumference  apjiears  in  an  agitated,  tremu- 
lous state,  so  that  the  exact  moment  of  ingress  or  true  contact  has 
nntil  lately  been  a  matter  of  much  uncertainty. 

A  similar  order  of  appearances  present  themselves  at  the  opposite 
limb  of  the  solar  disc  when  the  planet  is  about  to  egress.  For  a  very 
long  period  it  has  been  a  subject  of  much  speculation  as  to  what  is 
the  cause  of  the  formation  of  the  black-looking  ligament;  but  it  is 
now  generally  with  confidence  ascribed  to  irradiation.  The  older 
astronomers  who  discussed  the  observations  of  the  transit  of  1769,  it 
appears,  did  not  allow  for  these  irradiation  effects,  or,  in  other  words, 
make  sufficient  distinction  between  the  time  of  real  and  apparent 
contact,   which,   from  this  protruding    appearance,   they  failed    to 
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eliminate^  and  considerable  error,  thereby  partly  caused,  crept  into 
these  discussions;  whence  all  tl^e  results  deduced  from  this  series  of 
observations  have,  until  the  more  recent  ones  by  Powalkj,  in  1864, 
and  Stone,  in  1867,  resulted  in  values  for  the  solar  distance  which 
more  modem  methods  have  shown  to  be  too  larga  But  we  are  not 
even  yet  quite  safe  from  observational  uncertainties  of  that  order,  all 
arising  from  the  excessive  brilliancy  of  that  wondrous  solar  disc, — a 
brilliancy  which  we  cannot  blame  when  human  energies  depend  so 
entirely  upon  it,  but  a  most  troublesome  brilliancy  to  the  optical 
observer;  for  it  has  been  asserted  by  the  highest  authorities,  and 
"Wolf  •  has  recently  shown,  that  the  difficulty  of  obtaining  the  true 
contact  of  a  black  point  on  that  over-bright  disc  arises  from  an 
imperfection  of  the  telescope,  which  varies  from  zero  upwards  to  any 
amount,  according  to  the  good  or  bad  quality  of  the  instrument. 

Since  the  Yenus  transit  of  a  century  ago,  other  methods,  then,  have 
been  devised  for  obtaining  the  values  of  the  elements  we  have  under 
our  notice;  and  as  it  is  impossible  in  the  course  of  one  evening  to 
dwell  at  length  on  the  special  features  and  compare  the  advantages  of 
either  method,  I  merely  mention  them  here.  These  consist^  then, 
of  three  different  systems,  founded  on  observations  of  the  planet 
Mars. 

A.  By  making  nearly  simultaneous  observations  of  the  difference 
of  declination  between  Mars  and  a  neighbouring  star  by  means  of 
equatorial  telescopes  in  opposite  hemispheres  of  the  earth.  This 
method  was  employed  in  the  United  States  astronomical  expedition 
to  ChilL  It  was  again  proposed  by  Captain  Gilliss  in  1862;  and 
observations  in  this  way  were  made  at  Upsala,  Leiden,  and  at 
Washington  in  the  northern,  and  at  Santiago  in  the  southern 
hemisphere.t 

B.  By  similar  observations  with  a  meridian  circle.  Mars  being 
compared  with  a  number  of  stars  pre-selected.  This  method  was 
suggested  by  Winnecke,  and  first  employed  in  1832  between  the 
Greenwich,  Cambridge,  and  Altona  Observatories  in  the  northern, 
and  the  Cape  Observatory  in  the  southern  hemisphera  The  discus- 
sion of  these  obsei-vations  showed  very  decidedly  that  the  solar 
parallax  value  of  Encke  was  too  small,  and  it  thereby  was  raised  from 

8--5776  to  9''-028, 

*  See  a  paper  by  MM.  Wolf  and  Andr^  in  Comptes  Rendua  for  Jannary 
25,  1869. 

t  Vide  ''Investigation  of  the  Distance  of  the  Sun,"  by  Profeesor  Simon 
Newcomb,  published  in  1867  as  an  ajipendiz  to  the  WashingUm  AHronomiccU 
Observations  of  1865. 
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and  affected  with  a  probable  error  less  than  the  absolute  error  of  the 
former  method. 

G.  By  differences  of  right  ascension  between  Mars  and  neighbouring 
stars,  when  far  east  or  far  west  of  the  meridian,  and  also  when  high 
up  upon  the  meridian,  as  seen  from  a  single  observatory,  such  obser- 
vations being  made  for  a  fortnight  befot*e,  and  a  fortnight  after,  the 
planet's  opposition.  This  plan  appears  to  offer  advantages  in  the 
following  respects  :— 

a.  That  Mars  may  be  compared  with  stars  throughout  the  night. 

p.  That  it  has  two  observable  limbs,  both  admitting  of  good  ob- 
Bcrvation. 

y.  That  it  remains  long  in  proximity  to  the  earth. 

This  method  was  first  employed  by  Bond  at  the  Harvard  Obser- 
vatory, in  1849-50,  during  the  opposition  of  that  year,*  and  the 
parallax  value  then  obtained  was 

It  was  further  employed  at  Greenwich  in  1862,  and  at  the  Cape  of 
Good  Hope  in  the  same  year;  but  was  found,  on  the  whole,  to  fail, 
from  the  badness  of  the  atmospheric  definition  when  the  planet  was 
at  a  low  altitude. 

Another  method  of  determining  the  Sun's  distance  and  parallax  is 
from  the  observed  parallactic  inequality  of  the  Moon;  but  as  the 
uncertainty  of  the  observed  value  of  the  parallactic  inequality  amounts 
to  several  tenths  of  a  second,  so  close  an  approximation  to  the  truth 
by  it  can  scarcely  be  expected  as  by  the  preceding  methods. 

A  fifth  foundation  on  which  the  value  of  the  solar  parallax  may 
be  determined  is,  by  combiniug  the  lunar  inequality  in  the  motion 
of  the  Earth  with  the  known  mass  of  the  Moon;  whilst  the  last 
means  of  measurement  devised  is  based  on  the  beautiful  experiments 
of  the  late  M.  Leon  Foucault,  for  determining  the  velocity  of  light 
by  means  of  revolving  mirrors,  combining  his  experimental  data  with 
the  known  value  of  aberration  of  light. f 

In  reviewing  all  the  different  methods  which  astronomy  now 
possesses,  the  great  question  to  be  settled  is^  In  which  of  them  are 

*  See  Astronomical  Journal,  No.  103. 

t  The  origination  of  this  method  does  not  appear  to  be  due  to  Foncfitilt,  bnt 
to  Arago,  who,  in  1828,  being  impressed  with  Wheatstone's  mode  of  measuring 
the  velocity  of  electricity  by  means  of  revolving  mirrors,  d«vised  a  system  of 
apparatus  for  experiment,  and  which  was  made  by  Breguet.  Arago,  however, 
does  not  appear  to  have  been  successful  in  what  he  tried;  and  it  was  lext  for 
Foucault  to  devise  more  suitable  apparatus  and  deduce  the  results.  (Vide 
Cours  de  Physique  de  VEScole  Potiftechnique,  par  M.  Jamin.^ 

Vol.  VII.— Na  J.  o 
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the  errors  least  ?  and  should  we  continue  to  place  our  trust  now,  and 
until  the  year  1882,  in  the  results  obtained  from  the  last  transit  of 
Venus,  in  preference  to  what  is  deduced  from  any  other  method  ] 

We  must  not  forget  that,  a  centuiy  ago,  the  art  of  observation  was 
very  imperfect  compared  to  its  present  state;  and  as  Professor  SiDion 
Newcomb,  in  writing  me  on  the  subject  in  February  last,  has  truly 
put  it, — "  To  me  the  most  striking  thing  is  the  tenacity  with  which  the 
old  notion,  that  the  old  transits  of  Venus  afford  far  the  most  accurate 
value  of  the  solar  parallax,  seems  to  adhere  to  men's  minds.     It  seems 
to  be  forgotten  that  micrometers  have  been  invented,  the  art   of 
combining  observations  discovered,  and   personal  and  instrumental 
errors  investigated,  since  there  was  a  transit  of  Venus."     But,  during 
the  advancing  age  of  the  new  methods.  Mars  has  been  so   often 
observed  that  it  is  only  reasonable  to  confide  our  faith  more  firmly  in 
the  results  deduced  from  it,  especially  as  these  are  to  a  great  extent 
confirmed   by  other  methods.      Of  course,  the  eri'ors  in  the  long- 
accepted  solar  parallax   value  of  Encke,   which  the  more  modern 
methods  of  determining  it  pointed  out,  Jed  some  astronomers  to  think 
of  re-discussing  the  old  1769  observations  of  Venus;  but  no  one  had 
the  courage  to  undertake  it  previous  to  Powalky  in  1864.     He  then 
effected  a  re-discussion,  and  found  the  parallax  to  be,   not   Encke's 
S^-STie,   but  8''-8320  =t=  0"-020,   or   0''-2544  larger  than   Encke's, 
corresponding  too  to  a  diminution  of  the  previously  accepted  value 
of  solar  distance  by  about  3,000,000  of  miles.     Powalky  obtained  this 
result  mainly  through  ascertaining  the  longitudes  of  the  observing 
stations  more  accurately  than  they  were  previously  known,  and  by 
excluding  or   rejecting  many   observations   where  such   data  were 
unprocurable.     Yet  now,  strange  to  say,  because  he  confined  himself 
to   those  observations  and  data   which   were   known  accurately,  a 
pretence  has  lately  been  set  up  in  this  country  in  one  or  two  quarters 
that  his  discussion  ha«i  but  little  weight,  and  may  be  righteously 
passed  over  in  history  and  neglected  in  research.     So,  accordingly,  it 
has  been  with  him  in  some  recent  British  publications;  although,  had 
he  not  excluded  these  observations,  they  would  have  had  no  other 
effect  than  to  introduce  a  larger  error  into  the  final  result.     It  is 
rather  striking  to  note  the  migrations  of  the  wave  of  opinion  in  this 
country,  for  only  quite  recently  (within  the  last  four  months,  in  fact) 
fault  aj^pears  to  have  been  found  with  Powalky.* 

*  Powalky*s  discussion  was  published  in  1864  as  an  original  dissertation  oo 
receiving  a  doctorate  at  the  Christian  Albert  University,  under  the  title  of 
De  Transitu  StellcB  Veneris  ante  discum  Solis,  anno  2769,  peracto  ad  SoUs 
ParaUaxim  accuratius  determinandum  nova  disquisitiones. 
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For  being  so  unfortunate,  indeed,  in  having  done  what  is  clearly  the 
right  thing  to  do,  not  a  word  was  said  against  his  work  in  this 
country  until  after  his  printed  re-discussion  had  been  honoured  in 
France  by  translation  into  the  French  language  and  publication  in 
the  Connaissance  des  Temps  for  1867.  It  had  also  been  accepted  in 
America  in  the  same  year,  approved  of  after  a  special  examination  by 
Newcomb,  republished  and  employed  by  him  as  a  weighted  result  in 
his  general  parallax  discussion  for  evolving  what  he  hoped  would  be 
a  standard  mean  for  all  nations,  from  all  the  values  of,  and  all  the 
varied  methods  of  obtaining,  the  solar  parallax.^ 

A  considerable  time,  then,  after  Powalky's  results  had  been  published, 
and  Professor  Simon  Newcomb's  comprehensive  discussions  and  com- 
pilations containing  them  had  also  appeared,t  a  British  astronomer  of 
eminent  genius,  Mr.  K  J.  Stone,  of  the  Royal  Observatory,  Greenwich, 
re-discussed  the  1769  transit  observations,  and  brought  out  a  parallax 
result  of  8''910  =±z  "'OS.  This  is  slightly  greater  than  Powalky's  value, 
the  difference  of  the  two  being  8-910  —  8-832  =  0-'-078. 

Mr.  Stone,  no  doubt,  has  made  a  very  excellent  re-discussion,  and 
he  is  entitled  to  receive  all  that  is  due  to  him  for  having  done  so;  but 
why  are  Powalky's  and  Simon  Newcomb's  long  previous  works  either 
so  contemptuously  undervalued  or  completely  ignored  by  him  and  his 

•  As  illostrative  of  Simon  Newcomb's  thorough  appreciation  that,  in  the 
midst  of  the  modem  determioations  of  parallax,  ranging  from  8'''80  to  8" -95, 
re-examination  should  be  made  as  to  how  or  why  Encke's  result,  in  1824,  from 
the  Venos  observations  of  1769,  usually  reputed  to  be  the  best  method,  had 
given  so  erroneous  a  quantity  as  8'''5776 ;  and  also  that  he,  Simon  Newcomb, 
considered  that  such  a  re-examination  had  beeu  made  with  sufficient  ability  by 
Powalky,  I  quote  here  the  commencement  of  Newcomb's  paper  in  1867. 

"  About  ten  years  since,  astronomers  began  to  suspect  that  Encke's  value  of 
the  Sun's  distance,  deduced  from  the  transits  of  Venus  in  the  years  1761  and 
1769,  was  largely  in  error.  The  different  methods  available  for  its  correction 
all  agreed  in  indicating  a  diminution  of  between  one>twenty-6fth  and  one- 
thirtieth  of  the  whole  distance.  The  last  doubt  of  the  correctness  of  the  suspicion 
VXLS  removed  by  the  publication  of  Powalky's  paper  on  the  transit  of  1769.  In 
this  paper  it  was  shown  that,  with  a  more  accurate  knowledge  of  the  positions 
of  observing  stations,  the  results  of  this  transit  agreed  with  those  of  the 
modem  systems." 

The  italics  are  my  own,  and  seem  called  for  by  a  recent  outcry  in  this 
country  that  Powalky's  result  had  convinced — had  influenced — no  one ! 

+ 1  am  not  certain  whether  Newcomb's  discussion  was  published  previous 
to  Stone's  commencement  of  his  re-discussion  ;  but  it  is  quite  certain  that  it  was 
previous  to  Stone's  having  been  made  public.  Indeed,  Newcomb's  value  in 
solar  distance  was  mentioned  by  me  before  this  Society  several  months  previous 
to  the  appearance  of  Stone's  paper,  and  published  at  page  292,  Volume  VI. ,  of 
oar  Transactions, 
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supporters,  and  his  own  results  lauded,  as  if  no  one  else  than  Mr. 
Stone  would  have  attempted  so  arduous  an  undertaking  ?  and  that  no 
one  worthy  stood  between  him  in  1868,  and  Encke  in  1824,  in  that 
Venus  problem?  The  answer  to  this  was  recently  delivered  by  the 
President  of  the  Royal  Astronomical  Society,*  and  defended,  on  account 
of  what  I  have  before  alluded  to,  namely,  the  rejection  by  Powalky, 
in  his  discussion,  of  some  of  the  17G9  obser\'ations ;  Vhile,  as  to 
what  Simon  Newcomb  had  done,  it  is  boldly  asserted  in  other  quarters 
that  he  did  not  make  a  technical  re-discussion,  and  therefore  requires 
no  notice  whenever  re-discussions  are  alluded  to.  Certainly,  he  did 
not  make  a  discussion  de  novo  on  these  Yenus  observations ;  for,  after 
carefully  examining  Powalky's  discussion  of  them,  he  found  it  so  able 
and  full  that  he  deemed  the  task  of  competing  with  him  unnecessary ; 
but  to  show  how  carefully  he  had  gone  over  Powalky' s  work,  I  may 
mention,  besides  referring  to  the  foot-note  on  page  17,  that  Simon 
Newcomb  ultimately  points  out  the  necessity  of  altering  the  final 
result,  for  a  reason  of  his  own.  See  section  9  of  his  splendid  investi- 
gation, where  he  says,  "  The  results  of  Powalky' s  discussion  will  be 
accepted.  He  finds  x  =  8"  832  =±z  0''-021.  But  considering  that 
the  longitude  of  the  observing  station  at  San  Jos^  is  uncertain,  he 
arbitrarily  changes  it  by  10  «.,  which  increases  the  parallax  to  8"*86, 
which  he  considers  the  most  probable  value." 

**  That  so  small  a  change  in  the  longitude  of  a  single  station  should 
change  the  parallax  so  largely,  shows  that  the  probable  error  of 
0'''021  must  be  illusory.  I  think  0''*04  a  more  likely  value  of  this 
element" 

Then,  although  Mr.  Stone's  result  has  received  such  unqualified 
distinction  at  home,  it  does  not  seem  likely  to  be  overrated  elsewhere; 
for  in  France  M.  Faye,  the  celebrated  astronomer,  has  revised  Mr. 
Stone's  work;  and  from  precisely  the  same  observations  on  which 
Mr.  Stone's  result  is  founded,  deduces  a  parallax  of  8" '8  with  an 
error  of  =±=  0'*1 — L  «.,  much  nearer  to  Powalky,  and  Powalky  cum 
Simon  Newcomb,  than  to  Stone.  M.  Faye  further  shows  t  that  all 
we  can  claim  from  the  1769  transit  observations  is,  that  the  parallax 
lies  somewhere  between  8''*70  and  8" -90;  while  Wolf,  in  the  paper 
before  alluded  to,  shows  that  Mr.  Stone  has  assumed  as  constant  a 
physical  element  which  really  varies  between  wide  limits;  so  that  it 
is  really  difficult  to  judge  in  what  respect  his  discussion  is  one  whit 
better  than  that  of  Powalky,  his  predecessor  by  several  years,  and 
much  approved  of  in  Paris  and  Washington,  though  not  in  London. 

I  have  now,  I  think,  put  under  a  decidedly  impartial  review  the 

•  Monthly  Notices.  t  Comptes  Sendus,  January  4,  1869. 
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claims,  in  point  of  time  and  importance,  of  the  most  recent  work 
which  has  been  executed  in  reference  to  the  evolution  of  more  accu- 
rate values  of  the  solar  parallax,  and  therefore  proceed  to  the  second 
part  of  this  paper,  namely, 

The  Sun's  Distance  in  History. 

Before  pointing  out  wherein  the  most  probable  value  of  the  Sun's 
distance  and  parallax  lie,  it  is  not  only  particularly  interesting,  but  I 
hope  hereafler  to  show  how  useful  and  important,  under  a  truthful 
view  of  the  origioal  enlightenment  of  our  race^nay,  it  indeed  behoves 
ns  to  inquire  if  any  record  exists  of  the  Sun's  mean  distance  other 
than  what  has  been  commonly  collected  together  in  history ;  whether, 
for  instance,  any  index  is  to  be  found  planted  on  this  earth  in 
early  primeval  ages,  at  once  yielding  a  more  perfect  statement 
of  the  all-important  distance  of  the  mateiial  centre  of  light,  heat, 
force,  and  animal  life,  regarding  which  a  few  only  in  those  days  were 
enlightened,  and  which  it  has  taken  all  the  observations  and  science 
since  built  up  by  man's  own  effort  to  at  last  approximate  to.  A 
consideration  of  the  Sun's  distance  in  history  will  afford  us  some  clue 
to  a  verdict  on  this  mighty  question ;  and  if  any  such  record  should 
be  found  embodied  in  such  a  manner,  relatively  with  numerous  other 
cosmical  facts — that  is  to  say,  in  proper  place  and  order,  and  with 
noteworthy  practical  excellence  of  consti*uctive  execution — let  us  not 
pass  over  it  hurriedly,  though  no  ancient  author,  whether  sacred  or 
profane,  has  left  us  a  written  account  of  it ;  but  rather  let  us  weigh 
and  consider,  by  our  own  scientific  mensurations  of  the  ancient  stones, 
whether  it  is,  or  is  not,  so  convincing  that  we  are  bound  to  give  it 
a  place  in  our  collective  table  of  results ;  and  to  extend  that  table 
upward  in  time  towards  the  origin  of  mankind  in  order  to  include 
so  precious  a  result 

To  begin,  then,  with  what  has  hitherto,  but  chiefly  on  Greek  testi- 
mony only,  been  received  as  the  earliest  historic  record  of  human 
thought  regarding  the  linear  value  of  the  mean  solar  distance,  we 
have  to  go  back  to  the  time  of  Herodotus,  who,  writing  about  a  c, 
460,  has  handed  down  to  us  this,  namely,  that  after  the  domination 
of  the  Gentile  nations,  which  began  a  c.  597,  had  proceeded  for  a 
long  period  with  success — t.  «.,  about  a  c.  500 — the  first  dawn  of 
thought  regarding  the  solar  distance  made  its  appearance ;  and  from 
what  he  states  as  having  been  the  condition  of  knowledge  at  the 
period  we  are  considering,  namely,  that  the  Earth  was  thought  to  be 
the  centre  and  chief  body  of  the  universe,  and  a  flat  plain,  whose 
navel  or  centre  stone  was  situated  at  Delphi  in  Greece,  and  that  th^ 
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Sun  was  merely  a  secondary,  uncertain,  and  easily  influenced  body 
which  was  in  some  unexplained  way  movable  about  or  over  it,  but 
acted  upon  by  the  same  forms  of  force  which  are  sensible  to  us  as 
acting  upon  the  bodies  round  about  us  here;  so  much  so,  that  the 
Egyptians  thought  the  Etesian  winds  during  the  winter  blew  the 
Sun  southwards;  and  he,  Herodotus,  the  most  learned  Greek  of  his 
time,  agreed  that  that  was  the  best  and  most  probable  explanation. 
Hence  we  may  fairly  judge  that  he  did  not  consider  the  Sun  to  be 
more  than  10  or  12  miles  from  the  Earth;  as  we  are  not  wan-anted 
in  inferring  from  what  we  do  know  that  any  strong  winds  prevail  at  a 
greater  distance  from  the  Earth's  surface.  Not  long  after  we  find, 
indeed,  the  Grecian  ideas  expanding;  for  Anaxagoras,  the  son  of 
Hegesibulus,  asserted  llie  real  size  of  tlie  Sun  to  he  as  large  as  Uie 
PeloponnesuSf  and  such  a  real  size,  combined  with  the  known  angular 
subtense  of  the  Sun  in  modem  times,  may  be  taken  as  indicating  a 
distance  of  14,000  miles.  While  another  century  gave  yet  a  further 
increase,  and  an  immense  one,  to  Grecian  conceptions  of  cosmical  space, 
by  the  only  true  method  too,  or  an  attempted  angular  measure,  of 
a  definite  and  pertinent  problem;  for,  about  B.  c.  280,  Aristarchus^ 
the  astronomer  of  Samos,  concluded,  by  measures  of  the  Moon's  dicho- 
tomy, that  the  solar  distance  was  so  huge  as  5,300,000  +  4,610  = 
5,304,610  British  miles  :^  200,000. 

Such  was  the  growth  of  human  school  ideas  as  to  the  length  of  the 
Sun's  distance,  down  to  the  Christian  era ;  and  thus  it  remained  for 
some  time  afterwards,  or  up  to  the  period,  indeed,  when  the  famous 
Alexandiian  astronomer  and  mathematician,  Claudius  Ptolemy,  shone 
before  the  world. 

In  A.  D.  140  he  came  to  diflfer  with  the  co-efficient  of  Aristarchus, 

which  he  thought  too  great ;  but  adopting  the  lunar  parallax  value  of 

Hipparchus,  he  concluded  the  sun's  distance  to  be  6,280,000  l!l  500,000 

British  miles,  and  therefore 

»  =  3'. 

Kepler>  about  1620  a,  d.,  deduced  from  his  own  researches  and  com- 
putations, made  on  Tycho  Brahe's  observations  of  Mars,  that  the  Sun's 
distance  was 

26,400,000  British  mUes; 

and  affected  with  a  probable  error  of 

+  13,000  -  9,000. 
In  1760,  De  La  Caille  observed  the  opposition  of  Mars  at  the  Cape 
of  Good  Hope — it  being  observed  by  others  simultaneously  in  Europe 
— and  concluded  the  distance  at 

81,650,000  British  miles  it  4,000,000, 
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correspondiDg  to 

x  =  10''. 

HaviDg  thus  shortly  traced  the  historically  recorded  human  assump- 
tions, or  efforts  of  the  schools,  regarding  the  numerical  values  of 
these  elements  of  the  Cosmos,  we  approach  the  year  1769  a.  d.,  the 
period  during  which,  and  in  view  of  the  non-advanced  state  of  that 
era,  were  obtained  what  have  until  lately  been  on  all  hands  considered 
the  only  reliable  observations  on  which  the  values  of  these  elements 
could  be  most  closely  approximated ;  and  the  result  thus  far  of  our 
investigation  is,  that  man's  thought  in  regard  to  the  length  of  the 
Sun's  distance  had  advanced  during  a  period  of  2,229  years  from 
about  10  to  81,650,000  miles. 

The  1769  observations  were  reduced  and  discussed  twenty  yean 
after  they  were  made,  or  in  1789,  by  the  famous  French  astronomer 
Delambre;  and  he  found  the  Sun's  distance 

96,100,000  British  miles  it  1,000,000, 
and  X  =  8''-5  to  S'^  =  mean  value  8'''6. 

In  1824,  it  was  suspected  pretty  generally,  from  further  discussions 

of  the  1769  transit  observations,  that  the  values  deduced  therefrom 

by  Delambre  were  a  little  too  great;  accordingly,  the  value  of  distance 

was  reduced  to 

95,000,000  British  miles  =t:  800,000. 

In  1832  Mars  was  again  in  opposition;  and  the  late  Astronomer- 
Royal  for  Scotland,  Professor  Henderson,  who  at  that  time  was 
resident  at  the  Cape  Observatory,  observed  it.  From  these  observa- 
tions he  was  led  to  conclude  that  the  then  assumed  solar  distance  and 
parallax  values  needed  further  reduction ;  and  he  placed  the  former  at 

89,580,000  British  miles  it:  600,000. 
e  =  3962-7. 
«-=9"-125. 

Since  this  period  Mars  has  been  several  times  in  opposition,  and  duly 
observed ;  at  the  same  time,  there  has  been  no  lack  of  labourers  in  the 
field  of  computations  based  thereon;  so  that  without  at  present 
particularly  noticing  each  individual  case,  I  may  mention  that  between 
1862  and  1863  Mr.  E.  J.  Stone,  of  Greenwich,  whom  I  have  had 
occasion  to  previously  mention,  gave  out  the  value  of  the  Sun's 
distance  from  this  source  as 

91,678,000  British  miles  dbz  2,000,000; 

and  he  assumed 

e  =  3962-7 ; 
therefore 

w  -  8"-915. 


ss 
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I  should  here  state  tliat  previous  to  Btoue's  announcement,  Winnecke 

had,  bj  his  system  of  companng  Mars  with  a  number  of  pre-aelected 

stars,  deduced 

d  =  91,184,000  British  milep; 
and 

X  =  8"-964. 

At  the  same  period  another  method  of  ascertaining  the  constants  we 

are  considering  was  being  worked  out,  namely,  by  means  of  the 

experiments  of  the  late  M.  Leon  Foucault   on  the   velocity  of  the 

transmission   of  light,   also  explained   in  the  previous  part  of  this 

paper,  and  which  showed  probabilitdes  that  the  true  value  of 

d  was  92,254,000  =±=  154,000, 

w  =  8"-86 ; 

and  in  1864  and  1867  Powalky  and  Simon  Newcomb  respectively 

published  their  exhaustive  discussions;  with  what  rei^ults,  as  well  as 

the  subsequent  labours  of  Stone,  Faye,  and  Wolf,  the  first  diviidon  of 

the  paper  shows. 

TABLE  L 


Kune. 


Bond, 
FergmoD, 

F»y«,.    . 

Kewoomb, 

Powalky, 

FergoaoQ, 


Date. 


MeOiod. 


.  1849^0    yMan. 

! 
.1    1863 


1869 

1867? 

1864 

1863 


Kewooinb,  . 

Hid],.    .    . 

DeUvnay,   . 

Hansen,  \ 
oorrectedr 
by  New- 1 
comb,   .  ) 

Foucault,     . 
Newcomb,  . 


1867 


15  Obaerraidoiii,  1862, 
Albany,  U.& 

VeniiB. 
Obaerratioiii,  1769. 

Lunar  Equatioa  of  Earth. 

VenuB,  1769,  re-discnsBed. 

/3ManL 

12  Obaerrationa,  1 862, 
Washington  and  San- 
tiaga 

Parallactic    Inequality  of 
Moon. 


8''^605 
8"-611 


I 


I8--8 


I 


8"'809 
8- -832 
8'''834 


T  =  8,600,oar- 
responding  to 
<2=^95,O43,000  I 


92,883,000 

92,788,000 
92,550,000 
92,525,000 


8''-838- 


1863    ;  a  Mara. 

?  ? 


8"-842 
8''-85 


I 


1867 


/SMars. 
About  100  Observationfl, 
1862;  re-diBcoBsed. 


92,484,000 
92,442,000 


8"-855       92,306,000 


1862    I  Velocity  and  Aberration  of 

I      Light 

1867       Genend  Mean. 


,8'''860 
'8''-860 


92,254^000 


I 


Mb.  St.  John  Vincent  Day  on  the  SurCs  Distance  and  ParaUax.  89 


TABLE  n. 


Nama 

Data. 

Method. 

; 

d 

Winnecke,  . 

1863? 

/SMars. 
26    Observationfl,  1862, 
Palkova  and  Cape. 

8'-964 

91,184,000 

Le  Verrier, . 

1862? 

Pfaysioal  Astronomy. 
Investigations   of  Snn, 
1858;  Theoryof  Venns, 
1861 ;  and  Theory  of 
Mars,  1862. 

8"'-95 

91,326,306*14 

Stone,     .    . 

1863? 

/SMars. 

58  Observations,  Green- 
wich and  Cape,  1862. 

8''943 

91,398,000 

Hmiiftn,  .    . 

1864 

Parallactic    Inequality  of 
Moon. 

8--916 

91,675,000 

Stone,     .    . 

1868 

1 

1 

Venns^  1769,  re-discnssed. 

1 

8''-910 

91,736,000 

I  have  not  thought  it  necessary  to  allade  seriatim  to  other  labourers, 
such  as  Le  Yerrier,  Delaunaj,  Ferguson,  and  Hansen,  because  their 
results  will  now  follow  in  the  order  of  their  different  values  of  the 
solar  parallax,  according  to  the  preceding  tables. 

Note. — In  the  forgoing  references  and  tables,  nr  represents  the  Son's 
parallax  in  seconds ;  (2,  distance  from  Earth  in  British  statute  miles;  ^,  Earth's 
radins  assumed  in  the  discussions. 

We  see,  then,  at  a  glance  at  these  two  tables,  that  in  the  first  all  the 
values,  except  the  two  first  given,  crowd  about  a  parallax  of 

8" '8  +  Xy  X  being  a  quantity  varying  between  the  limits  of 

(r-009  and  0"  -060. 
In  the  second  table  the  parallax  values  crowd  about 

8"-9  +  aj, 
X  in  this  case  varying  between  the  limits  of  0''064  and  0**010. 

We  also  find  in  both  tables  that,  from  observations  made  en  the 
same  planet  (Mars)  at  the  same  period,  different  computers  obtain  dif- 
ferent results,  which  again  differ  from  values  obtained  from  other  data* 
Hence  the  solar  parallax  discussers  are  divided  into  two  groups,  or  even 
hostile  armies, — one,  who  declare  for  8' -9  -h  something,  and  the  other, 
who  uphold  8"'8  +  something ;  and  they  wage  a  dire  war  of  words  and 
figures  against  each  other,  combating  each  other^s  work  to  the  uttermost, 
and  ignoring  them,  if  they  can,  in  history ;  while  each  avows  that  his 
group  does  really  contain  the  truth  so  much  sought  after,  and  that  it  is 
nowhere  else  than  there  in  that  one  result  group.  Certainly  not  between 
the  two  rival  groups,  they  each  say;  and  yet  why  should  it  not  be  theie^ 
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seeing  that  there  extends  between  the  two  a  broad  sort  of  neutral 
gronnd,  extending  from  parallax  8' -9 10  to  parallax  8" -860,  and  right 
in  the  middle  of  which  space  an  unbiassed  mathematical  mean  of  all 
the  results  of  all  the  observers  will  be  found  to  locate  itself.  Such, 
however,  is  the  bitter  strife  of  the  combatants  on  either  side,  that  they 
will  allow  anything  rather  than  the  results  of  their  opponents  to  take 
a  rank  in  the  mean  equal  to  their  own ;  and  hence  they  can  neither 
come  into  that  middle  neutral  ground  themselves,  nor  will  they  allow 
any  one  else  to  come  there.  They  dead-lock  the  whole  affair  as 
regards  themselves  or  their  contemporaries ;  but  assist  involuntarily 
in  making  out  a  more  remarkable  case  for  what  we  shall  presently 
find  has  been  occupying  the  very  centre  of  that  debatable  ground  of 
modem  science  ever  since  the  banning  of  the  history  of  man  upon 
earth. 

Now,  it  is  not  my  desire  to  promulgate  'views  which  to  some 
members  of  the  Philosophical  Society  may  be  unacceptable;  yet, 
rather  than  conclude  the  present  paper  with  the  unsatisfactory  picture 
of  combatants  being  left  fighting,  and  with  no  apparent  prospect 
of  one  party  ever  getting  completely  the  better  of  the  other,  it  is  my 
duty  to  direct  attention  to  another  as  totally  independent  testimony 
to  the  numerical  value  of  the  solar  parallax ;  and  which,  from  its 
numerical  quantity,  is  evidently  in  possession  of  the  ground,  though 
how  it  originally  got  there,  it  may  be  difficult  indeed  to  telL 

In  the  course  of  last  session  it  will  be  remembered  that  I  read 
before  this  Society  a  paper  on  some  points  in  the  theory  and  facts  of 
the  Great  Pyramid,  and  at  the  same  time  presented  an  appendix  to 
it  by  Mr.  Petrie  on  his  so-called  Pyramid  Sun's  distance.  Mr.  Petrie, 
in  1867,  when  investigating,  as  he  is  now  pretty  widely  known  to 
have  done,  and  that  very  extensively,  the  symbol  system  and  marked 
references  of  the  Great  Pyramid,  to,  amongst  other  and  more 
weighty  things,  certain  cosmical  data,  showed  from  it  that  the  Sun's 
parallax  was 

which  corresponds  to  a  radius-vector  of 

92,093,000  miles. 

It  is  right  for  me  to  explain  that  Mr.  Petrie's  investigation  in  this 
country,  and  Simon  Newcomb's  in  America,  the  results  of  which  so 
closely  accord,  were  candied  on  simultaneously  and  independently, 
without  one  knowing  what  the  other  was  doing.  Both  were  published 
long  prior  to  Mr.  Stone's  discussion  of  the  Venus  observations  of 
1769;  but  the  most  remarkable  feature  in  the  whole  matter  is,  that 
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this  Pyramid  distance  and  parallax  lies  exactlj  in  the  narrow  ground 
disputed  hy  the  two  grand  armies  of  observers  and  oompaters,  who 
combat  each  for  their  own  being  the  trae  parallax,  dednced  and 
dedacible  by  the  methods  of  modem  science  from  observations  of 
nature.  Seeing,  then,  how  very  uncertain  is  the  unknown  qnantitj  in 
dispute  between  the  two  parties,  we  should  be  onlj  adopting  the 
generally  acknowledged  method  in  modem  times  of  striking  means 
if  we  suggested  that  the  truth  lies  just  between  the  two  limits  set  by 
the  tussles  of  these  op]K)8ing  ho6t&  K  so,  then,  unacceptable  as  it  may 
to  some  appear,  the  Pyramid  value  occupies  that  position,  and  has 
occupied  it  for  the  last  4,000  years.  On  that  throne  of  centuries  it 
had,  after  1,500  years^  looked  down  on  the  early  efforts  of  the  first 
Greeks  to  solve  the  problem,  wept  over  their  first  petty  estimates  of 
10  to  10,000  miles,  approved  of  their  advance  to  5,00<J,(»00 :  but  had 
to  wait  the  characteristic  period  of  forty  centuries  before  mankind  had 
made  any  effectual  approach  to  the  grandeur  oi  truth  as  it  is  in  nature, 
or  as  it  was  marked  in  early  patriarchal  times,  in  that  earliest,  most 
unique,  most  scientific  building  that  the  whole  world  has  to  show, 
either  in  Asia,  Africa,  £urr*pe,  America,  or  Polynesia. 

Call  this  occurrence,  then,  what  you  please— call  it  chance,  remark- 
able coincidence,  or  apply  any  other  e^Mthet  you  like — but  taking  it 
merely  as  a  coincidence,  is  it  not  astonishing  that  it  should  only  have 
made  its  appearance  just  at  the  tiute  when  (and  not  before)  the  values 
of  the  Sun's  distance  and  parallax,  dednced  by  modem  science,  are 
approaching  so  close  to  each  other  that  there  is  barely  a  difference 
between  them — at  a  time  when  the  closeness  oi  agreement  from 
different  methods  point  out  the  advanced  perfection  of  each  7 

But  one  word  more.  I  wish  it  to  be  understood  that  I  would  not 
come  before  you  with  such  a  reference  if  the  coincidence,  as  such, 
stood  alone — even  so,  as  then,  it  would  have  nothing  convincing  about 
it;  but  this  coincidence  is  r^ulariy  and  orderly  linked  in  with  so 
many  others  in  the  same  building,  and  which  agree  so  closely  to  the 
best  ascertained  values  of  cosmical  elements,  that  it  appears  imposKible 
to  avoid  the  conclusion,  under  the  shadow  of  its  long-hidden  testimony, 
that  there  was  intention  in  the  coincidence;  also,  that  the  Pyramid 
was  by  some  instructed  hand  placed  on  the  earth  in  remote  primeval 
ages,  not  so  much  to  serve  any  immediate  purpose  of  prime  importance, 
but  to  remain  there  fixed  <m  its  foundation,  and  stand  forth  as  a 
protesting  witness  in  these  later  times,  either  to  the  fslsity  or  truth  of 
man's  conclusions  regarding  those  sublime  realities,  facts,  figures,  and 
immensities  of  the  universe,  the  certainties  of  which  can  alone  be 
visible  to  the  Creator  himsel£     If  so,  then,  additional  force  is  lent  to 
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the  legend  of  all  ages — that  the  Great  Pyramid  pre-eminently  referred 
to  Sun  and  Earth. 


X. — Recent  Researches  into  the  Post-tertiary  Geology  of  Scotland. 
By  Rev.  Henry  W.  Cbosskey,  F.G.S. 


Read  before  the  Society,  December  7,  1868. 


In  tho  earlier  researches  into  the  Post-tertiary  Beds  of  Scotland,  two 
superficial  deposits  alone  were  noted.  The  lowest  was  vaguely  termed 
*'Till — a  stifi*  unstratified  clay,  mixed  with  boulders;"  the  upper 
was  described  as  brick,  or  finely  laminated  clay  overlaid  by  sand  and 
graveL  The  whole  of  the  fossils  found  wei'e  classed  together,  and 
catalogued  as  *'  Shells  from  the  newer  pliocene  deposits  in  the  British 
Islands." 

Mr.  Smith  of  Jordanhill,  however,  discovered  a  geological  epoch 
when  he  detected  the  fact  that  two  distinct  faunas  had  been  con- 
founded together,  and  discriminated  the  "  Glacial  Deposits "  of  Great 
Britain  and  Ireland  from  the  " Raised  Beaches."  ''A  Glacial 
Epoch  "  was  thus  added  by  Mr.  Smith  to  the  geological  record; 
and  in  connection  with  the  study  of  its  phenomena  his  name 
ought  always  to  be  honourably  remembered,  and  the  results  of  his 
researches  acknowledged. 

Mr.  Smith's  papers  have  been  collected  together,  and  indicate  the 
successive  steps  taken  by  his  mind  towards  his  great  discovery.  They 
thus  constitute  a  chapter  in  the  history  of  geology  of  great  value  and 
interest;  and  are  not  intended  to  present  any  summary  of  final 
results.* 

Mr.  Smith  gives  a  catalogue  of  '^Marine  Testacea,  including 
Girripedia,  Annelida,  and  Foraminifera,"  from  the  glacial  deposits  of 
Great  Britain  and  Ireland,  which  includes  196  species.  This 
catalogue,  however,  presents  many  difficulties. 

There  are  several  "new  species ^^  recorded;  but,  unfortunately,  the 
original  specimens  from  which  these  were  described  cannot  now  be 
found ;  so  that  it  is  impossible  to  say  whether  some  of  them  may  not 
be  identical  with  the  varieties  of  modem  conchologists. 

Considerable  perplexity  arises  also  from  the  innumerable  synonyms 

*  Researches  in  Newer  Pliocene  and  Post-tertiary  Chology,  by  James  Smith, 
F.R.S.,  Glasgow;  John  Gray. 


Rev.  Henry  W.  Cbossket  on  the  Post-tertiary  Geology  of  Scotland  93 

borne  by  many  of  the  shells  catalogued ;  while  the  localities  affixed 
are  often  too  vagae  for  identification. 

Upon  these  earlier  researches,  therefore,  many  corrections  and 
additions  require  to  be  made ;  and  the  papers  of  Mr.  Geikie  and  Mr. 
Jamieson  have  added  largely  to  our  knowledge  of  the  post-tertiary 
geology  of  Scotland. 

For  catalogues  of  newly  discovered  species  and  detailed  descrip- 
tions I  may  also  refer  to  a  series  of  papers  by  Mr.  David  Robertson  and 
myself,  now  appearing  in  the  Transactions  of  the  Geological  Society 
of  Glasgow,  In  my  present  communication  I  shall  not  touch  upon 
the  ground  those  papers  occupy,  but  propose  to  point  out  some 
general  questions  of  geological  interest 

L  It  is  essential  for  any  accurate  investigations  of  the  post-tertiary 
beds  that  distinct  lists  should  be  prepared  of  the  fossil  fauna  of  each 
separate  locality. 

The  shells  of  distinct  periods  are  often  confusedly  mixed  in  the 
same  field.  There  is  a  bed,  e.  g,,  which  may  be  termed  the  Pecten 
maximus  bed.  Both  Pecten  mcueimus  and  Ostrea  edvlis  occur  in  it 
of  large  size,  and  in  great  abundance.  The  size  of  the  specimens  is 
indeed  far  greater  than  the  average  of  living  examples  in  the  Firth 
of  Clyde.  Its  real  position  is  above  the  arctic  shell  clay.  It  occurs 
in  many  localities  at  about  half-tide  mark.  In  all  the  coast  beds, 
however,  through  the  denuding  action  of  the  sea,  the  older  deposit 
is  exposed  in  apparently  the  uppermost  position.  Walking  seaward 
from  the  shore,  the  boulder  clay  is  first  met  with,  exposed  by  the 
tide;  then  the  laminated  clay;  then  the  shell  clay;  and  finally  the 
Pecten  maximus  sand.  The  true  order  of  deposit  is  the  reverse  of 
thi&  The  section  along  the  western  shore  generally,  commencing  at 
the  lower  bed,  is — 

1.  Boulder  clay. 

2.  Laminated  clay  (no  shells,  but  a  few  foraminifera). 

3.  Arctic  shell  clay. 

4.  Clay  and  sand  with  Pecten  maximus,  Ostrea  edtdis,  and  Ltdraria 
dliptica. 

At  one  point  the  arctic  shell  clay  and  the  Pecten  maximus  sand 
come  into  close  contact  with  each  other,  so  that  the  fossils  of  the  two 
deposits  may  be  collected  together. 

Many  catalogues  and  collections  of  the  Clyde  glacial  fauna  have 
thus  included  shells  far  more  recent  than  the  arctic  period. 

The  collection  in  the  British  Museum  contains  sbeUs  which  are  not 
glacial,  and  which  have  been  derived  from  this  upper  bed. 

At  Fairlie  the  two  beds  are  both  well  developed ;  and  the  ground 
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having  been  dug  and  re-dug  many  times  by  collectors,  the  natural 
difficulties  of  discrimination  are  increased,  and  very  little  reliance  can 
be  placed  upon  the  precise  accuracy  of  catalogues  based  upon  speci- 
mens from  that  locality.  Kecent  shells  have  indeed  been  included 
in  the  debris  of  the  vaiious  diggings,  and  have  thence  made  their  way 
into  collections  and  catalogues  of  so-called  fossil  species. 

Many  generalizations,  therefore,  resting  upon  the  published  lists  of 
glacial  species,  can  scarcely  be  relied  upon.  It  has  become  necessary 
to  re-discover  every  shell,  and  to  compile  catalogues  for  each  separate 
bed. 

Until  this  work  is  finished  it  will  be  impossible  to  arrive  at  any 
valid  conclusions  regarding  the  distribution  of  species  during  the 
glacial  epoch  and  the  subsequent  climatic  changes. 

II.  It  is  also  necessary  that  **  Boulder  clays'^  should  be  discriminated 
from  each  other. 

"  Boulder  clay  "  was  onginally  a  term  applied  to  the  whole  series 
of  beds  in  which  the  shells  occur.  The  shells  were  described  as 
belonging  to  the  "  TUl^'  whether  they  were  found  in  the  boulder 
clay  itself,  or  in  clays  decidedly  superior  to  it. 

The  deposits  loosely  termed  *^  Boulder  days^^  however,  have  had 
more  than  one  origin. 

Any  clay  containing  boulders  is  not  identical  with  the  old  boulder 
•clay  of  Scotland. 

The  shell  clay  may  contain  boulders,  and  yet  cannot  be  termed 
"  boulder  clay  "  without  the  extremest  and  most  deceptive  confusion 
in  the  use  of  terms. 

Boulders  have  been  in  all  probability  dropped  into  the  shell  clay 
from  ice,  floating  over  the  Firth  of  Clyde,  as  they  are  dropped  from 
the  ice  floating  at  the  present  day  in  the  St.  Lawrence ;  and  this  shell 
clay  into  which  the  boulders  fell  may  have  been  resting  upon  the  old 
"  boulder  clay,"  and  have  been  foimed  long  subsequently  to  its  deposi- 
tion, and  by  entirely  diflerent  agencies. 

A  "  boulder  clay "  may  have  been  carried  from  the  land  into  the 
sea  by  a  glacier,  and  thus  have  covered  littoral  shell  clays,  and  have 
become  mixed  with  fragments  of  shells,  although  not  itself  of  marine 
origin. 

There  is,  moreover,  a  very  marked  upper  boulder  clay  as  well  as  a 
lower.  The  stones  are  less  angular,  and  their  polish  is  less  fine.  They 
have  been  exposed  to  wear  and  tear  of  air  and  water.  The  matrix  in 
which  they  occur  is  far  looser,  and  more  sandy  and  earthy. 

This  upj)er  boulder  clay  may  contain  even  lai^er  and  heavier  blocks 
than  the  lower — blocks  such  as  might  have  been  carried  by  floating  ice. 
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The  upper  boulder  clay  and  lower  boulder  clay  may  sometimes  be 
seen  in  contact  with  each  other,  the  shell  bed  having  been  eliminated. 

Occasionally  the  shell  bed  may  be  seen  in  position  between  the  two. 
This  is  the  case  at  Lag,  near  Arran,  which  I  examined  in  company 
with  Dr.  Btyce.  A  casual  investigation  might  lead  to  the  conclusion 
that  the  shells  are  in  the  boulder  clay.  They  really  occur,  however, 
in  a  bed  between  the  two  characteristic  boulder  clays.* 

An  accurate  classification  of  boulder  clays,  therefore,  is  absolutely 
necessary  before  any  satisfactory  theories  of  their  origin  can  be  estab- 
lished. 

III.  The  shell  clay  was  long  supposed  to  be  covered  by  an  entirely 
unfossiliferous '  clay,  while  the  laminated  clay  beneath  it  was  re- 
garded as  equally  unfossiliferous.  The  shell  clay,  with  its  abundant 
fauna,  thus  appeared  to  be  curiously  placed  between  an  ujiper  and  an 
under  clay,  both  devoid  of  organic  remaius. 

Microscopic  examination  has  revealed,  however,  the  mistaken 
character  of  this  description.  Mr.  Robertson  and  myself  have  dis- 
covered in  the  laminated  clay,  Nonionina  striat^ypunctata,  a  very  hardy 
foramiuifera  with  a  wide  range  of  habitat;  and  the  same  foraminifera 
reappears  in  the  upper  clay.  In  the  upper  clay,  also,  we  have  from 
time  to  time  discovei*ed  a  few  shells. 

The  laminated  clay  thus  represents  conditions  highly  unfavourable 
to  molluscan  life,  and  is  either  an  estuarine  or  marine  deposit. 

The  upper  clay  represents  the  coming  on  of  conditions  equally 
unfavourable  to  molluscan  life,  although  probably  from  a  different 
cause. 

In  the  case  of  the  laminated  clay,  which  rests  upon  the  boulder 
clay,  we  are  nearer  to  the  epoch  of  intense  cold ;  in  the  upper  clay, 
we  are  nearer  to  the  restnction  of  the  Clyde  estuary,  under  a  more 
moderate  temperature. 

In  the  one  case,  molluscan  life  might  be  interfered  with  by  the 
rapid  waters  issuing  from  beneath  snow  and  ice,  and  carrying  down 
fine  mud  into  the  sea ;  in  the  other  case,  the  deep  marine  fauua  of  the 
glacial  epoch  would  be  checked  in  its  development  by  the  body  of 
fresh  water  brought  into  the  estuary  under  circumstances  more 
analogous  to  those  existing  at  the  present  day. 

It  becomes  essential,  therefore,  no  longer  to  dismiss  the  upper  and 
lower  parts  of  the  clay  bed  as  unfossiliferous,  but  to  study  micro- 
scopically the  clays  at  different  heights  in  the  same  section. 

*  See  paper  "  On  Bonlder  Clay,"  by  the  present  writer,  in  the  Traruadions 
of  the  Oeotogkal  Society  qf  Glasgow,  vol  iii.,  p.  149 ;  also  Dr.  Bryce*a  Geology  of 
Arran, 
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TV,  The  shell  beds  of  the  glacial  epoch  itself  need  to  be  s^tarately 
studied  and  catalogued. 

(1.)  They  represent  differences  of  depth,  some  being  littoral,  and 
others  deep  sea. 

(2.)  They  contain  sometimes  a  mixture  of  deep  sea  and  littoral 
species,  telling  its  own  tales  of  tides  and  changing  currents. 

(3.)  Grenerally  in  the  western  beds  the  sheUs  occur  in  sUu;  but 
sometimes  they  are  fragmentary;  and  this  fact  must  also  have  its 
meaning. 

The  broken  shells  in  the  cutting  near  Drymen,  &  ^.,  are  precisely 
similar  to  those  found  at  Moel  Tryf&en.  The  eye  could  detect  no 
difference  between  specimens  from  either  locality ;  and  the  species  are 
nearly  the  same. 

(4.)  Shell  beds  t>f  the  glacial  epoch  may  not  be  precisely  of  the 
same  age.  The  beds  at  the  higher  levels  are  probably  older  than 
those  at  the  lower.  The  Jordanhill  shell  beds,  e,g,,  are  probably  older 
than  the  Dalmuir  and  Paisley  deposits.  There  are  physical  reasons 
for  believing  that  Jordanhill  must  have  been  elevated  before  the 
Dalmuir  shell  bed  was  deposited.  The  different  levels  at  which  the 
shell  beds  rest  have,  however,  yet  to  be  connected  with  the  epochs  at 
which  the  various  elevations  of  the  earth's  crust  took  place  in  Scot- 
land. 

Y.  A  few  suggestions  may  be  made  regarding  the  classification  of 
the  post-tertiary  beds  in  Scotland.  They  may  approximately  be 
arranged  under  the  following  classes : — 

Class  First, — The  beds  beneath  the  boulder  clay,  and  which  have  no 
boulder  clay  for  their  base, 

(1.)  Mr.  Jamieson  has  discovered  fragments  of  shells,  undoubtedly 
crag,  in  this  position  in  Aberdeenshire. 

(2.)  At  Kilmaurs  shell  beds  have  been  recently  discovered  by  Mr. 
Robert  Craig  henecUh  the  boulder  day^  which  are  of  the  common 
glacial  character. 

The  deposits  which  are  beneath  the  boulder  clay,  and  have  no 
boulder  clay  for  their  base,  do  not  therefore  belong  to  one  period 
They  may  be  crag,  they  may  be  glacial. 

At  Kilmaurs,  the  boulder  clay  has  probably  been  carried  down  by 
land  ice  to  the  sea,  and  thrown  over  the  shell  bed  of  the  period 

(3.)  A  series  of  pre-glacial  beds  (but  not  "  crag  "  in  character)  will, 
in  all  likelihood,  be  disclosed  as  discoveries  advance.  The  beds  at 
Kilmaurs,  containing  remains  of  Elephas  primigenius,  and  corres- 
ponding beds  at  Chappel-hall,  belong  to  this  class. 

Three  subdivisions,  therefore,  may  be  brought  under  the  first  class 
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of  beda.  (1.)  "Crag"  beds.  (2.)  Pi^gkcial  beds,  althongh  Dot 
"  crag ''  in  any  recognized  sense  of  the  term«  (3.)  Ordinary  glaicial 
beds.  All  these  distinct  deposits  may  occur  under  boulder  day,  and 
have  no  bonlder  clay  for  their  base. 

Clcus  Second. — Beds  intercalated  between  masses  of  boulder  clay. 

Deposits  of  sand  occur  between  masses  of  boulder  clay  of  \'ariable 
extent;  but,  so  far  as  present  investigations  extend,  these  are  devoid 
of  organic  remains.  The  Croflhead  laminated  clay  contains^  indeed, 
Bos  primigenins,  fresh  water  entomostraca,  insects,  and  diatomacea ; 
but  it  is  still  matter  of  controversy  whether  it  was  really  covered  by 
an  old  boulder  clay,  or  whether  the  covering,  in  those  parts  in  which 
it  remains,  is  not  a  comparatively  recent  wash  from  an  older  deposit.* 

I  know  no  other,  even  alleged,  instance  of  a  fossiliferons  bed  inter- 
calated between  masses  of  boulder  clay. 

There  is  no  proof  yet  forthcoming  that  any  of  the  glacial  shell  beds 
were  ever  covered  by  boulder  clay,  except  under  local  circumstances 
(such  as  those  already  described  at  Stevenston)  which  do  not  con- 
stitute any  real  deviation  from  the  general  rule. 

1.  The  shell  beds  are  often  directly  succeeded  by  the  eardium  edule 
bed  of  a  more  modem  period,  without  any  intervening  boulder  clay. 

2.  They  are  deposited  in  hoUows  of  the  boulder  clay,  and  have  thus 
been  subsequent  to  extensive  denudations  of  that  deposit 

3.  They  contain  large  boulders  not  connected  with  the  causes 
which  produced  boulder  clay,  but  dropped  upon  existing  sea  bottoms, 
full  of  marine  life. 

CloM  Third — The  /ossili/erous  botUder  days.  The  fossiliferons 
boulder  clays  may  be  of  precisely  the  same  age  as  the  shell  beds 
which,  in  the  other  localities,  rest  in  hollows  of  unfossiliferous 
boiilder  clay. 

They  have  several  peculiarities. 

1.  They  occur  universally  (so  far  as  we  yet  know)  near  the  eoad. 
They  generally  form  low  cliffs  immediately  on  the  shore. 

2.  The  shells  are  generally  broken,  and  very  seldom,  indeed,  perfect. 
Even  when  perfect,  they  are  not  found  in  their  natural  living  position, 
as  is  the  case  with  the  sheUs  in  the  larger  part  of  Scotch  glacial  clays. 

3.  The  fauna  is  mixed  in  character.  Foraminifera,  e,  g.,  are  foun<l 
in  the  Caithness  boulder  clajrs,  derived  from  the  chalk  masses  they 
contain,  having  evidently  been  washed  out  from  them.  MoUusca 
belonging  to  different  depths  are  also  intermingled. 

4.  The  fauna  is  sometimes  even  less  arctic  in  character  than  that 

*  See  commnnicatiopa  from  Mr.  J.  Geikie  and  Mr.  Craig,  Oeohgical  Mayn- 
zine,  186& 
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of  the  glacial  clay,  which  rests  upon  the  old  boulder  clay;  and  thus 
increases  the  suspicion  that,  in  some  instances,  the  so-called  fossiliferous 
boulder  clay  is  only  a  wash  from  an  older  bed. 

In  other  cases  the  fossiliferous  boulder  clay  is  probably  of  the  same 
age  as  the  ordinary  glacial  shell  clay,  and  indicates  either  the  carrying 
down  to  the  glacial  sea  of  the  debris  accumulated  by  land  ice,  or  the 
droppings  from  icebeigs  upon  the  sea  bottom. 

No  sufficient  evidence  has  yet  been  adduced  to  prove  that  the 
fossiliferous  boulder  clay  is  older  than  the  ordinaty  glacial  shell  clay. 
It  occurs  abundantly  on  the  Lancashire  and  Yorkshire  coasts,  the 
Irish  coast,  and  the  east  coast  of  Scotland. 

Class  Fourth, — The  fossiliferous  glacial  days  and  sands,  generally 
speaking,  resting  in  hoUotos  of  tJie  boulder  day. 

These  deposits  are  being  described  in  detail  by  Mr.  Kobertson  and 
myself,  so  that  I  need  not  here  enter  upon  any  examination  of  them.* 
Each  locality  has  its  own  characteristic  species,  and  differences,  both 
of  age  and  depth,  may  be  detected  among  the  beds. 

Class  Fi/llk — Beds  indicating  conditions  of  dimate  possibly  more 
genial  tlian  those  which  exist  at  the  present  day. 

The  Fecten  nuudmus  bed,  already  mentioned  as  being  easily  con- 
founded with  the  glacial  beds,  may  be  quoted  as  affording  strong 
indications  of  this  character.  It  contains  such  shells  as  Psammobia 
ferroensis  and  Tdlina  incamala,  of  larger  size,  and  in  greater  numbers 
than  they  at  present  occur,  living  in  the  neighbouiing  seas. 

A  catalogue  of  this  bed,  however,  is  being  prepared,  when  further 
light  will  be  cast  upon  this  interesting  point 

Mr.  Jamieson  has  arrived  at  the  same  conclusion,  from  the  study  of 
the  trees  in  the  peat  bed  underlying  the  carse  clay,  with  its  bones  of 
the  whale,  in  the  valley  of  the  Forth.t 

I  may  suggest  that  the  Cyrena  Jiuminalis  bed  near  Hull  possibly 
belongs  to  this  period. 

Class  Sixth. — The  shell  beds  belonging  to  the  more  recent  eUwUions  of 
the  land,  and  containing  species  predsdy  the  same  as  those  now  existing  in 
the  neighbouring  seas,  but  found  in  slightly  different  proportions. 

These  beds  may  be  studied  in  many  localities — at  Cumbrae,  along 
the  coast  of  Arran,  in  the  banks  of  Irvine  water.  The  only  notice- 
able difference  between  the  fossil  shells  and  those  obtained  living  from 
the  sea,  is  in  the  proportions  in  which  the  different  species  occur, 
rather  than  in  the  species  themselves. 

YI.  Another  series  of  problems  arises  from  a  study  of  the  relation- 

•  See  Tranaadions  of  the  Geological  Society  qf  Olasgow, 

t  Proceedings  of  the  Geological  Society  of  London,  1865,  p.  185. 
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ships  between  the  glacial  shell  beds  of  various  localities  and  in  differ- 
ent countries. 

First — Comparison  bettoeen  the  glacial  shdl  beds  of  the  east  and  toeet 
o/ Scotland. 

The  following  species  of  an  extremely  arctic  character  have  not  as 
yet  been  found  in  the  west : — 


Crenella  faba. 
Leda  liroatula. 
Mesalia  erosa. 


Mesalia  reticulata. 
Thracia  myopsis. 
Pecten  Groenlandicus. 


Leda  arctica  is  a  characteristic  shell  at  Errol ;  only  two  specimens, 
however,  have  been  found  in  the  west— one,  evidently  fossil,  di'edged 
by  Mr.  Jeffrey,  and  one  which  was  obtained  from  a  sand  bed  at 
Stevenston. 

Modidaria  diseors  vo/r,  loevigata  is  also  abundant  at  Errol;  but 
only  the  fry  has  been  yet  found  in  western  localities. 

The  whole  of  the  shells  found  peculiarly  in  the  east,  range  within 
the  arctic  circle  and  off  the  east  coast  of  North  America,  and  do  not 
live  off  the  coast  of  Great  Britain. 

The  peculiarity  of  the  eastern  beds,  therefore,  is  their  especially 
arctic  intensity. 

Though  the  percentage  of  species  cannot  yet  be  accurately  given, 
there  seems  no  doubt  that  upon  the  east  of  Scotland,  as  compared 
with  the  west,  there  is  a  preponderance  of  arctic  and  North-east 
American  forms. 

The  entomostraca  3rield  precisely  the  same  result. 

In  the  fossiliferouB  clays  there  are  entomostraca  of  high  arctic  type 
that  have  never  been  found  in  the  west,  which  are  plentiful  in  the  eastb 

The  existence  of  an  arctic  current  on  the  east,  such  as  that  which 
now  comes  over  the  Dogger  Bank,  might  sufficiently,  however,  account 
for  the  preponderance  in  question. 

Second. — Compa/rison  between  glacial  shdl  beds  of  Scotland  and 
England. 

If  the  Chillesford  and  Bridlington  beds  be  compared  with  the 
Moel  Tryffaen  beds,  we  have  evidence  of  greater  arctic  intensity  on 
the  east  of  England  than  on  the  west  of  Wales. 

At  Bridlington  we  have  not  only  many  peculiarly  arctic  species, 
but  the  entomostraca  of  the  Scottish  eastern  beds  also  occur;  while 
at  Moel  Tryffaen,  Mr.  Darbishire  (who  has  specially  and  thoroughly 
investigated  the  fauna)  informs  us  that  there  is  the  present  provincial 
association  of  species,  though  under  glacial  conditions  and  with  many 
northern  forms. 
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Tlie  BnJlingtoii  beds  are  thxis  ii  would  ajipeu-,  more  arctic  than 
tlie  Moel  Tnrffiben  beds,  predsdj  as  the  Errol  asd  £2ie  beds  are 
more  arctic  than  the  Paiskr  and  Dalmnir  bed&  The  relation  be- 
tween the  fanna  of  the  east  and  west,  during  the  glacial  epoch,  was 
thiia»  generally  speaking,  xhit  same  as  at  the  present  daj. 

TJunL — Bdation  of  BriiM  glacial  AaU*  io  licimg  groitfm  wrwtmd 
dkeBrUMccxuL 

Saxicava  {Panopaaa)  Xorwegica  oocnn  living  on  the  Dogger  Bank 
in  extremely  deep  water ;  but  I  have  little  donbt  it  was  not  a  deep 
water  shell  off  the  Briti^  coajEts  in  glacial  times.  I  have  found  it 
in  iU  natoral  boring  position  in  the  facial  days,  sommnded  by 
many  specimens  of  Mya  irunaUa,  also  in  their  natoral  boring 
pasition. 

The  results  of  Mr.  Jefl^!ey*8  dredging  expeditions  in  the  Hebrides 
are  of  great  geological  importance.  Throngh  his  series  of  seven 
reports  invalnable  £u;ts  are  recorded,  which  will  throw  great  light 
on  post-tertiary  geology. 

(1.)  The  invertebrate  character  of  the  district  is  chiefly  northern ; 
bat  for  certain  species  peculiar  to  the  Hebrides  no  locality  has  been 
recorded  between  that  and  the  Mediterranean. 

The  fauna  of  the  Hebrides  must  have  obtained  this  characteristic 
rabseqnently  to  our  glacial  epoch. 

(2.)  The  Hebrides  oonstitate  the  sonthem  limits  of  many  northern 
i^iecies,  snch  as  Lima  eUipUea^  Leda  pygmoea  (an  abundant  glacial 
fossil),  Triochus  Grcsnlandicus  (also  abundant  as  a  glacial  fossil). 

(3.)  Boreal  species  have  been  dredged  on  the  same  coasts,  evidently 
fossil,  intermixed  with  Mediterranean  and  arctic  species. 

These  facts  are  of  great  geological  interest,  as  restraining  hasty 
inductions  from  the  occurrence  of  a  few  special  species  in  the  more 
ancient  fiossiliferous  beds. 

Fourth. — RdcUion  of  BritM  glacial  sheiU  to  the  fonil  fauna  of  the 
Medilerranean. 

Mr.  Jeffrey  has  pointed  out  that  high  northern  shells  occur  fossil 
in  the  Mediterranean  beds,  although  they  do  not  present  extreme 
arctic  chancteristicsL 

Peden  Islandicue,  covered  with  a  Greenland  spedes  of  Spirorbis^ 
was  fished  up  in  the  Gulf  of  Naples. 

Support  is  thus  given  to  Forbes's  theory  of  an  open  communication 
between  the  Atlantic  and  the  Mediterranean  during  the  glacial  epoch. 

Fifth. — RdaUon  between  the  British  glacial  fauna  and  the  glacial 
fauna  of  Canada. 

The  fossil  glacial  fauna  of  Canada  is  not  so  widely  distinct  from 
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the  living  fiiuna  of  the  Gulf  of  St  Lawrence  «ia»  the  fossil  glacial 
^una  of  the  Clyde  beds  is  distinct  from  the  living  fauiza.  of  the  Firth. 

There  are  very  few  species  in  the  Canadian  beds-iNiicJi  are  even 
locally  extinct. 

In  Scotland,  however^  there  is  a  remarkable  list  of  species,  JclSsil  in 
the  clay,  but  extinct  in  the  neighbouring  seas. 

Tellina  Galcaria, 
Saxicava  Norvcgica, 
Astarte  borcalis, 


•  • 


Leda  pemula, 
„    arctica, 
Pecten  Islandicus, 
Modiolaria  discors, 


Littorina  limata  (Loven)r  '■•* . 
Mangclia  pyramidalis,        '**;•* 
Natica  affinis,  * .  • « 

Trophon  clathratus, 
Velutina  undata, 
Cyclostrema  costulaturai 
BalanuB  cariosus. 


•  .< 


are  aU  fonnd  in  the  western  clays,  and  are  extinct  in  the  western  seas. 
In  the  eastern  beds  we  have  in  addition  the  following  locally  ex- 
tinct species : — 


Lcda  lucida. 

Leda  Tbracia^formis 

Pecten  Qrociilandicus. 


Thracia  myopsis. 
Cardium  Groenlamlicum. 
Scalaria  Groenlandica. 


From  this  marked  contrast  of  the  Canadian  and  Scottish  glacial 
fauna,  in  their  relation  to  the  fauna  locally  existing,  it  is  evident  that 
the  change  of  climate  in  Scotland  has  been  more  complete  than  in 
Canada. 

The  Clyde  glacial  fossils,  moreover,  bear  a  nearer  relationship  to 
the  Canadian  than  has  hitherto  been  supposed. 

Two-thirds  (speaking  generally)  of  the  Scottish  fossils  have  been 
collected  in  Canada. 

In  one  section,  taking  Dr.  Dawson's  lists,  out  of  twenty  species  of 
Lamellibranchiata,  fifteen  are  found  fossil  in  Scotland ;  and  out  of 
twenty-seven  species  of  Casteropoda,  seventeen  are  also  Scottish  fossils. 

At  the  period,  therefore,  when  our  glacial  &una  flourished  in  the 
Scottish  seas,  the  climate  was  nearly  the  same  as  that  prevailing  in 
Canada  during  the  same  epoch — i.  e.,  slightly  colder  than  that  of  the 
St.  Lawrence. 

The  fossils,  however,  must  not  be  considered  as  marking  the  ex- 
treme point  of  cold  reached  during  that  epoch ;  but  rather  as  indi- 
cating the  commencement  of  slightly  milder  conditions  than  had 
hitherto  prevailed. 

The  question  suggested  by  this  com|)ari8on,  therefoi-e,  is,  What  con- 
ditions would  ])roduce  in  the  Clyde  a  temperature  slightly  colder  than 
that  of  the  Gulf  of  St.  Lawrence? 
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•  « 

The  existence -of '1^11  arctic  current,  the  wide  expanse  of  land  in  tlie 
American  arctic  iregions  exercising  its  chilling  influence,  and  other 
circumstanccs'.connected  with  the  directions  of  the  mountain  ranges 
and  the  h^igh.^  of  the  water-shed,  account  for  the  climate  of  Canada 
to  a  \blx^  extent. 

A,  corresponding  series  of  changes  would  explain  not  the  whole 

phenomena  of  the  glacial  epoch,  but  the  existence  of  the  fauna  of 

th«  glacial  clays  in  Scottish  waters.     The  shiftings  of  level,  of  which 

, .  there  is  ample  evidence,  would  involve  re-arrangements  in  the  relative 

-.  'proportions  of  land  and  water;  while  there  would  be  vital  alterations 

'•*.*-in  the  directions  of  the  arctic  currents,  and  a  deflection  in  the  Gulf 

stream. 

The  absence  of  the  warm  Gulf  stream  during  the  glacial  epoch  has 
been  directly  reduced  from  the  cosmical  theory  by  Mr.  Croll ;  and  the 
comparison  between  the  Scotch  and  the  Canadian  beds  thus  adds 
support  to  his  remarkable  speculations. 

Sixth. — Relation  of  the  British  glacial  fauna  to  the  glacial  fauna  of 
the  North  of  Europe. 

Professor  Sars  gives  sixty-one  species  of  mollusca,  collected  from 
twenty  beds  of  the  old  glacial  epoch  in  Norway. 

Of  these  sixty-one  species,  Mr.  Robertson  and  myself  have  obtained 
forty-eight  from  the  glacial  shell  clays  of  Scotland.  Moreover,  the 
characteristic  shells  of  some  of  the  Norwegian  clay  beds  are  precisely 
identical  with  those  of  the  Scotch.  At  Moss,  the  prevailing  shell  is 
Leda  arctica,  which  is  also  characteristic  of  the  Errol  clay. 

The  climate  of  south-western  Norway  was  uudoubtedly  more 
extreme  than  at  present,  during  the  glacial  epoch ;  and  so  far  as  the 
evidence  of  the  fauna  reaches,  the  same  severe  climate  extended  over 
Scotland. 

The  connection  between  the  Scotch  and  Norwegian  fossils  is  indeed 
more  intimate  than  the  connection  between  the  living  inhabitants  of 
the  neighbouring  seas;  leading  to  the  conclusion  that  the  change  of 
climate  has  been  greater  in  Scotland  than  in  Norway  during  the 
period  intervening  between  the  glacial  epoch  and  the  existing 
climate.* 

In  this  |japer  I  have  simply  sketched  some  points  of  interest  for 
future  investigations.  The  whole  subject  is  so  complicated,  that  all 
the  theories  submitted  must  be  considered  tentative;  and  the  most 
dogmatic  assertions  are  those  which,  in  all  probability,  will  ulti- 
mately prove  the  least  reliable. 

•  See  paper  by  the  writer  in  the  Quarterly  Revkiic  of  Science,  1868. 
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XI. — On  the  Physical  ConstihUion  of  the  Sun,  as  revealed  by  tite 
Phenomena  of  Solar  Edtpses.  By  R  Graut,  M.  A.,  LL.D.,  F.R.S., 
Professor  of  Astronomy  and  Director  of  the  dwervatory  in  the 
University  of  Glasgow. 


Read  before  the  Society,  March  24,  18C9. 


The  question  with  respect  to  the  physical  constitution  of  the  sun  is 
one  which  has  naturally  offered  a  high  degree  of  interest  to  inquiring 
minds  in  all  ages. 

The  idea  entei*tained  by  the  philosophers  of  ancient  Greece  respect- 
ing the  sun  was  an  extremely  simple  one.  They  supposed  it  to  be  a 
body  having  a  smooth  and  uniform  surface,  to  be  in  a  state  of  incan- 
descence, and  to  be  uncliangeable  in  all  time.  This  was  in  accordance 
with  their  views  of  the  celestial  bodies  generally,  which  they  held  to 
be  totally  unaffected  by  changes  analogous  to  those  observed  on  the 
earth's  suiiace.  It  was  reserved  for  Galileo  to  dispel  this  illusion. 
Turning  his  little  telescope,  the  fruit  of  his  own  invention,  upon  the 
sun,  he  discovered  that  the  surface  of  that  body  is  diversified  by 
irregular  dark  spots,  which,  when  observed  from  day  to  day,  were 
found  to  be  constantly  changing  in  form  and  magnitude.  Further^ 
more,  he  perceived  that  they  were  all  endued  with  an  apparent 
motion  upon  the  solar  disc  directed  from  east  to  west,  and  by  an 
attentive  observation  of  the  time  which  they  occupied  in  traversing 
the  disc,  combined  with  a  due  regard  to  the  various  phenomena  which 
they  presented  in  the  course  of  transit,  he  was  led  to  the  important 
discovery  that  the  sun  is  continually  revolving  upon  a  fixed  axis, 
accomplishing  a  complete  rotation  in  a  period  of  somewhat  more 
than  twenty-five  days.  Towards  the  close  of  the  seventeenth  century, 
the  elements  of  the  sun*s  rotation  were  determined  with  considerable 
precision  by  Cassini. 

The  next  step  in  connection  with  this  question  is  due  to  Dr.  Alex- 
ander Wilson,  the  first  Professor  of  Astronomy  in  the  University 
of  Glasgow.  By  a  series  of  attentive  observations  of  a  large  spot 
which  appeared  upon  the  sun,  towards  the  close  of  the  year  1769> 
he  was  led  to  the  conclusion  that  the  spots  are  cavities  in  the 
sun's  photosphere,  and  that  the  f>enumbra,  or  impetfectly  luminous 
fringe,  which  is  usually  seen  surrounding  the  spot,  represents,  in  each 
instance,  the  shelving  sides  of  the  cavity.     This  theory  of  the  spots 
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has  been  confimied  by  subsequent  observation,  and  is  now  generally 
adopted  by  astronomers.  According  to  Sir  William  Herschel,  the 
sun  is  composed  of  an  opaque  nucleus,  encompassed  by  two  nebulous 
envelopes,  the  lower  envelope  being  imperfectly  luminous,  but  capable 
in  a  high  degree  of  reflecting  the  solar  light ;  the  upper  envelope,  or 
photosphere,  being,  on  the  other  hand,  the  souixe  of  the  sun's  light 
and  heat.  He  further  shows  how  the  various  phenomena  of  the 
spots  may  be  accounted  for,  by  rents  in  one  or  both  of  the  encompass- 
ing envelopes. 

An  important  advance  in  the  elucidation  of  this  question  is  due  to 
Schwabe,  a  German  astronomer,  who,  by  a  persevering  course  of 
obsei*vations  of  the  spots,  extending  over  a  great  number  of  years, 
has  recently  discovered  that  the  frequency  of  the  spots  upon  the  solar 
disc  is  characterized  by  a  period  of  regular  recurrence.  The  duration 
of  this  period  has  been  determined  to  be  11*1  years.  General  Sabine, 
about  the  same  time,  found  that  the  diurnal  variations  of  the  magnetic 
needle  are  characterized  by  a  period  of  equal  duration. 

The  most  valuable  collection  of  observations  of  the  solar  spots 
which  has  been  published  in  recent  years  is  due  to  Mr.  Carrington, 
an  eminent  English  astronomer.  They  extend  from  1853  to  1861. 
A  discussion  of  these  observations  by  Mr.  Carrington  has  led  him  to 
the  conclusion  that  the  spots  have  a  proper  motion  on  the  sun's  surface, 
depending  in  each  case  on  the  heliocentnc  latitude  of  the  spot.  For 
some  years  past  it  has  been  the  practice  at  the  Kew  Observatory  to 
take  photographs  of  the  sun  on  every  day  favourable  for  the  purpose. 
The  results,  as  they  accumulate,  cannot  fail  to  constitute  an  invaluable 
mass  of  materials  for  researches  on  the  solar  spots. 

The  physical  phenomena  revealed  during  ecli|)se8  of  the  sun  had 
not  received  much  attention  from  astronomers  until  towards  the 
middle  of  the  present  century.  On  the  8th  of  July,  1842,  there 
occurred  a  total  eclipse  of  the  sun,  which  was  visible  in  the  north  of 
Italy,  and  in  the  southern  provinces  of  France,  Germany,  and  Russia. 
On  this  occasion  the  attention  of  astronomers  was,  for  the  first  time, 
directed  to  certain  phenomena,  which  have  since  been  found  to  be  the 
invariable  accompaniment  of  such  eclipses.  During  the  time  of  total 
obscuration  there  appeared  around  the  dark  body  of  the  moon  a 
corona  of  light,  of  a  pale  silvery  colour,  from  the  contour  of  which 
were  seen  to  diverge  long  rays  of  light  at  definite  intervals,  suggesting 
a  resemblance  to  the  glory  which  painters  in  Catholic  countries  throw 
around  the  heads  of  saints.  Furthermoi*e,  there  wera  seen  close  to 
the  dark  body  of  the  moon  several  rose-coloui-ed  spots,  or  protuber- 
ances^ extending  in  some  instances  to  a  distance  of  nearly  2'  from 
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the  moon's  limb.  Tlie  following  arc  a  few  details  of  the  observations 
made  during  the  eclipsa 

Mauraia,  a  French  aatronomer,  who  observed  the  eclipse  at  Pei^ 
pignao,  thus  describes  the  phenomena  seen  daring  the  total  obscn- 
ntion : — 

"A  few  seconds  after  the  commencement  of  the  totalit;,  while 
attempting  to  determine  the  breadth  of  the  corona,  I  perceived  a 
reddish  point  at  the  lower  limb  of  the  moon,  which  did  not,  however, 
project  sensibly.  Fifty-six  seconds  had  elapsed  from  the  total 
ohecnration  when  the  reddidh  point,  to  which  I  have  referred,  was 
seen  to  be  transformed  into  two  protuberances,  like  two  contigaons 
mountains,  perfectly  defined  in  their  outlines.  Their  colour  was  not 
uniform.  Upon  their  sloping  sides  were  seen  streaks  of  a  deeper 
tint.  I  cannot  give  a  more  exact  idea  of  their  aspect  than  by  com- 
paring them  to  the  peaks  of  the  Alps,  illaminated  by  the  setting  snn, 
when  seen  afar  oS.  One  minute  and  ten  seconds  had  elapsed  from 
the  total  obscuration  when  a  third  mountain  was  perceived,  to  the  left 
of  the  two  others.  It  exhibited  the  same  aspect  as  far  as  regards 
colour.  It  was  flanked  by  some  smaller  peaks;  but  all  were  perfectly 
well  defined.  While  this  third  mountain  was  in  process  of  issning 
forth,  the  first  two  continued  all  the  while  to  increasa  They  attained 
a  height  which,  according  to  my  estimation,  amounted  to  2*.  Tlie 
interval  between  the  two  groups  appeared  to  present  an  arc  of  about 
25°  on  the  moon's  limb.  The  most  considerable  group — the  moat 
western  in  appearance— seemed  to  me  to  be  a  few  degrees  to  the  left  of 
the  lowest  point  of  the  moon's  disc." 

M.  Petit  states  that,  at  Montpellier,  two  points  first  appeared  at 
the  lower  part  of  the  moon's  limb :  the  more  western  before  the  other. 
They  gradually,  but  rapidly,  increased  in  magnitude,  as  well-defined 
objects  would  have  done,  emerging  from  behind  the  moon's  disc.  By 
actual  measurement,  M.  Petit  obtained  1'  45"  for  the  angular  magni- 
tude of  the  largest  of  the  luminous  protuberances. 

At  Toulon,  which  was  near  the  southern  limit  of  the  lunar  shadow, 
Oaptaiu  B6rard,  of  the  French  Marine,  remarked  that,  during  the 
interval  of  total  obscuration,  there  was  seen  beyond  the  moon's  limb, 
near  the  region  where  the  snn  was  about  to  emerge,  a  very  eUnder  tvd 
baiid,  irregtdaTly  indented,  or  as  it  ware  furrowed  here  and  there  with 
hotlowe. 

At  Yisan,  which  was  situate  close  to  the  northern  limit  of  the  lunar 
shadow,  M.  Guerin  perceived,  immediately  after  the  total  obscuration, 
seven  or  eight  very  distinct  indentations,  which  might  have  been  taken 
for  SD  many  stars  of  difierent  magnitudes.     Thoy  weto  Te&dAT,'W\.\«m 
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brillianty  than  Mars.  1£  tlie  whole  periphery  of  the  lunar  disc  had 
been  bordered  with  similar  luminous  points,  it  would  have  presented 
the  app^rance  of  a  box  of  ebony  garnished  vnth  rvbies, 

M.  Otto  Struve  has  stated  that,  at  Lipetsk,  a  little  before  the  re 
appearance  of  the  sun,  M.  Schidlowsky  perceived  several  rose-coloured 
flames,  which  appeared  suddenly  to  burst  out  at  several  parts  of  the 
lunar  disa  They  resembled  mountains,  whose  height,  by  estimation, 
appeared  to  be  about  2'.  A  very  la/rge  part  of  the  luna/r  disc  was 
garnished  with  a  simitar  reddish  bordering.  M.  Schidlowsky  was 
unable  to  examine  the  entire  contour  of  the  moon,  for  soon  after  he 
observed  the  phenomenon,  the  sun  reappeared. 

M.  Schumacher  thus  describes  the  appearance  presented  by  the 
rooon*s  limb  immediately  previous  to  the  termination  of  the  totality 
of  the  eclipse : — "  A  little  before  the  emersion  of  the  sun,  there 
appeared,  near  that  part  of  the  lunar  disc  from  behind  which  the  first 
ray  of  light  was  about  to  issue,  a  narrow  streak  of  rose-coloured  red 
lighty  which  extended,  perhaps,  over  an  arc  of  70°  or  80°  along  the 
moon's  limb,  and  which  disappeai*ed  with  the  corona  and  the  rose- 
coloured  mountains,  as  soon  as  the  first  ray  of  the  sun  darted  forth.** 

The  corona  of  light  which  was  seen  surrounding  the  dark  body  of 
the  moon  had  been  invariably  observed  during  total  eclipses  of  the 
sun;  but  the  rose-coloured  protuberances  took  astronomers  by  sur- 
prise, as  phenomena  altogether  new.  It  has  been  found,  however, 
upon  consulting  the  records  of  former  eclipses,  that  phenomena  of  a 
similar  nature  have  been  observed  on  many  previous  occasions.  The 
following  instances  may  be  cited  by  way  of  illustration  : — • 

Captain  Stannyan,  who  observed  the  total  eclipse  of  1706,  at  Berne, 
states,  that  tits  emersvyn  of  tlis  sun  was  pi'eceded  by  a  blood-red  streak  of 
lighty  from  its  left  limb,  which  continued  not  longer  than  six  or  seven 
seconds  of  time. 

In  1733,  there  occurred  a  total  eclipse  of  the  sun,  which  was  visible 
in  Norway  and  Sweden.  On  this  occasion  several  reddish  spots  were 
observed,  one  of  which  was  seen  to  be  decidedly  detached  from  the 
moon's  limb,  as  if  it  were  a  cloud  floating  in  the  lunar  atmosphere. 

Ferrer,  a  Spanish  astronomer,  who  observed  a  total  eclipse  of  the 
sun  in  1806,  states,  in  his  account  of  the  phenomenon,  that,  a  few 
seconds  before  the  reappearance  of  the  sun's  niys,  he  observed  a  zone 
to  issue  concentric  with  the  sun,  similar  in  appearunce  to  a  cloud 
illuminated  by  the  sun's  rays. 

•  The  observations  which  follow  arc  extracted  from  an  extensive  collection 
of  similar  observations  of  eclipses,  which  are  arranged  and  discassed  in  the  work 
by  the  author  hereafter  cited. 
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PhenomeDa  of  a  similar  nature  have  been  observed  during  annular, 
and  even  partial,  eclipses  of  the  sun. 

Maclaurin,  in  his  account  of  the  annular  eclipse  of  1737,  states  that 
a  little  before  the  formation  of  the  ring,  a  remarkable  paint  or  speck  of 
pale  light  appeared  near  the  middle  of  the  part  of  the  moon*s  limb  that 
was  not  yet  come  upon  the  disc  of  the  sun,  and  that  a  gleam  of  light, 
more  &int  than  this  light,  seemed  to  be  extended  from  it  to  each  horn. 
This  phenomenon  was  seen  about  fifteen  seconds  previous  to  the  pro- 
jection of  the  whole  body  of  the  moon  upon  the  solar  disa 

Maclaurin  also  states  that  Lord  Aberdour,  who  observed  the  same 
eclipse,  remarked  that  a  narrow  streak  of  a  dusky  red  light  coloured 
the  dark  edge  of  the  moon,  immediately  before  the  ring  was  com- 
pleted, and  after  it  was  dissolved. 

Bessel  thus  describes  the  appearance  presented  during  the  solar 
eclipse  of  May  15,  183G,  which  failed  in  a  small  degree  to  be  annular 
at  Konigsberg,  where  that  astronomer  observed  it,  although  in 
reality  it  was  of  the  annular  species  : — "  About  twenty-five  seconds 
before  the  nearest  approach  of  the  centres  of  the  two  bodies,  I 
perceived,  near  the  extremity  of  the  upper  cusp,  a  luminous  point, 
which,  without  having  the  brightness  of  the  sun,  was  very  distinctly 
visible  with  the  powerful  heliometer.  As  the  cusps  were  then 
approaching  each  other,  I  hoped  that  the  annulus  was  about  to  form ; 
but  this  did  not  happen.  With  respect  to  the  point  which  I  have 
just  alluded  to,  it  became  more  luminous.  Other  similar  points 
appeared,  which  soon  united  together,  and  rendered  visible  all  the 
portions  of  the  moon's  limb  between  the  extremities  of  the  cusps." 

In  1850,  the  author  of  this  paper  undertook  an  investigation  of  the 
various  phenomena  observed  during  eclipses  of  the  sun,  whether  total 
annular,  or  partial,  as  recorded  in  the  pages  of  history  down  to,  and 
including,  the  total  eclipse  of  1842,  with  the  view  of  ascertaining  what 
light  they  were  capable  of  throwing  on  the  physical  constitution  of 
the  sun.*  The  following  are  some  of  the  conclusions  at  which  he 
arrived  as  the  result  of  this  inquiry : — 

First,  The  corona  of  light  seen  during  the  total  obscuration  of  the 
sun  is  indicative  of  the  presence  of  an  atmosphere  about  the  sun. 

Secondly,  The  red  prominences  are  in  reality  solar,  and  not  lunar, 
jihenomena.  In  other  words,  they  are  appendages,  not  of  the  moon, 
but  of  the  sun. 

•  History  of  Physical  Astronomy ^  ch.  xviL  Thia  work  originally  ap- 
peared in  detached  parts  or  numbers,  in  connection  with  a  scheme  for  the 
repablication  of  the  Library  of  Useful  Knowledge  Series.  The  first  number 
WM  issued  in  1848.    The  work  was  finally  published  complete  vn  \^SifI. 
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Thirdly f  The  sierra  of  red  light  seen  during  total  eclipses,  imme- 
diately after  the  disappearance  of  the  sun's  rays,  and  immediately  pre- 
vioas  to  their  reappearance,  is  attributable  to  the  existence  of  an 
envelope  of  nebulous  matter  which  encompasses  the  sun,  and  is  super- 
])osed  upon  the  photosphere.  The  phenomena  seen  during  annular  and 
partial  eclipses  are  similarly  indicative  of  the  same  envelope. 

As  this  last  conclusion,  with  respect  to  the  existence  of  an  envelope 
of  nebulous  or  gaseous  matter  encompassing  the  solar  photosphere, 
has  acquired  renewed  interest  from  recent  researches  in  spectrum 
analysis,  it  may  not  be  undesirable  to  quote  the  following  passage, 
in  which  it  was  originally  announced : — 

"  According  to  the  usual  theory  of  the  physical  constitution  of  the 
sun,  that  body  consists  of  an  opaque  nucleus,  surrounded  by  an 
atmosphere  in  which  are  suspended,  at  different  elevations,  two 
enveloping  substances  of  dissimilar  physical  properties — the  lower 
envelope  being  imperfectly  luminous,  but  capable  in  a  high  degree  of 
reflecting  light,  while,  on  the  other  hand,  the  upper  envelope  forms  a 
resplendent  canopy  of  clouds,  which  are  luminous  in  themselves,  and 
constitute  the  source  of  the  light  diffused  in  every  direction  by  the 
sun.  The  observations  of  solar  eclipses  would  seem  to  indicate,  that 
above  the  luminiferous  envelope  there  exists  a  stratum  of  nebulous 
matter,  which  is  visible  only  by  means  of  reflected  light  Various 
interesting  questions  present  themselves  for  solution  in  connection  with 
the  admitted  existence  of  such  a  stmtum.  In  the  Jirst  place.  Does 
t/ns  tidrd  envelope  exercise  an  influence  in  the  production  of  any  of 
the  other  phenomena  which  have  been  disclosed  by  observations  on 
the  physical  constitution  of  the  sun  ?  M.  Arago  has  very  ingeniously 
suggested  that  the  solar  spots  which  exhibit  the  aspect  of  a  ^lenumbra 
without  a  nucleus  may  arise  fi*om  the  superposition  of  masses  of  this 
nebulous  matter  above  the  luminiferous  envelope.  Secondly ,  the 
question  arises,  Does  any  relation  subsist  between  tliis  non-luminous 
substance,  which  floats  in  the  upper  regions  of  the  solar  atmosphere, 
and  either  of  the  other  two  envelopes?  Sir  John  Herschel,  in  his 
ingenious  theory  of  the  physical  origin  of  the  solar  spots,  supposes  a 
perj)etual  circulation  to  be  kept  up  in  the  solar  atmoc^phere  analogous 
to  that  which,  in  the  case  of  the  terrestrial  atmosphei*e,  produces  the 
phenomenon  of  the  trade  winds.  Now,  is  it  not  reasonable  enough  to 
supj)Ose  that  such  a  circulation  will  have  the  effect  of  continually 
agitating  the  non-luminous  matter  constituting  the  envelope  nearest 
the  solid  nucleus  of  the  sun,  and  thi*owing  up  masses  of  it  above  the 
luminifemus  surface  1  This  view  of  the  subject,  while  it  carries  with 
it  considerable  probability,  obviates  the  necessity  of  introducing  into 
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the  theory  of  the  physical  constitution  of  the  sun  the  idea  of  a  third 
envelope,  w.lependent  of  the  two  others.  Future  observation,  prose- 
cuted more  especially  with  reference  to  the  position  of  the  solar  spots 
during  the  occurrence  of  eclipses  of  the  sun,  can  alone  be  expected  to 
throw  any  light  upon  this  interesting  question."* 

The  conclusions  above  stated  have  been  abundantly  confirmed  by 
the  observations  of  solar  eclipses  which  have  occurred  subsequently  to 
1842.  In  1860  there  occurred  a  tot«il  eclipse  of  the  sun,  which  was 
visible  in  Spain,  and  was  observed  by  a  great  number  of  astix)nomer8 
from  the  different  countries  of  Europe.  It  was  my  good  fortune  to 
observe  this  eclipse  from  an  eminent  position  on  the  Sierra  de 
Tolonio,  a  mountain  range  overlooking  the  valley  of  the  Ebro.  The 
following  extract  from  a  report  of  my  observations,  which  I  com- 
municated a  few  weeks  afterwards  to  the  Astronomer  Royal,  refers 
to  the  phenomena  immediately  preceding  the  reappearance  of  the 
sun's  rays  : — "  While  I  was  engaged  in  examining  the  last-mentioned 
prominence,  I  perceived  several  other  very  small  peaks  which  had 
just  come  into  view,  and  a  few  seconds  afterwards  there  was  disclosed, 
as  if  by  the  motion  of  the  moon,  a  long  stratum,  uniting  them  to- 
gether at  their  bases,  giving  to  the  whole  phenomenon  the  aspect  of  a 
sierra  resting  on  the  moon's  limb,  and  extending  over  an  arc  of 
about  20°.  This  continuous  succession  of  prominences  was  intensely 
red,  resembling  in  colour  the  most  beautiful  vermilion.  The  light 
was  very  much  condensed,  there  being  an  entire  absence  of  the  streaks 
which  characterized  the  krger  prominences.  The  reappeanince  of 
the  sun  was  preceded  by  an  excessively  narrow  band  of  red  light, 
bounding  the  moon's  limb,  and  connecting  iteelf  with  the  sierra  pre- 
viously observed.  This  long  streak  of  light  extended  over  an  arc  of 
about  25°  on  the  moon's  limb." 

On  the  same  occasion  Mr.  De  la  Hue  obtained  several  photographs 
of  the  eclipse,  which  afforded  a  new  and  unmistakable  proof  of  the 
red  prominences  being  solar  and  not  lunar  appendagea 

The  great  total  eclipse  of  1868,  which  was  visible  in  India,  will  be 
memorable  in  history  from  the  results  which  it  has  yielded  in  con- 
nection with  the  physical  constitution  of  the  sun.  Spectroscopic 
observations  of  the  red  prominences  were  made  in  India  by  Major 
Tennant,  Lieut.  Herschel,  M.  Jannsen,  and  M.  Hayet;  and  the 
results  in  every  instance  have  indicated  that  the  prominences  are  of 
gaseous  structure,  being  composed  mainly  of  hydrogen.t     It  may  be 

•  History  of  Physical  Astronomy,  p.  400. 

t  A  brief  account  was  here  given  of  the  successive  8tei>8  in  scientific  inquiry 
which  finally  resulted  in  Kirchhoffs  great  discovery,  by  means  of  which  \t  Vi^sa 
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here  remarked  that,  aocordiDg  to  Eircbhoff,  the  son  consistB  of  a 
molten  or  liquid  mass  in  a  Ktate  of  iDcaudesoeDoe,  sarrouBded  by  an 
atmosphere  of  a  somewhat  lower  temperature,  in  which  are  BUBpended 
the  vapours  of  various  bodies,  including  iron,  sodium,  magnesium, 
barium,  calcium,  and  several  other  metala 

On  the  daj  following  the  occurrence  of  the  great  eclipse  of  India, 
M.  Jannsen  succeeded  in  obtaining  tlie  spectrum  of  a  prominence  t» 
/uU  sufdigkt;  and  shortlj  afterwards  Mr.  Lockjer,  in  England,  in> 
dependentlj  effected  the  same  step.  Still  more  reoenti j,  Mr.  Huggins 
has  been  enabled,  by  means  of  an  arrangement  for  absorbing  the  light 
at  the  violet  end  of  the  spectrum,  to  view  the  prominences  direcUj, 
and  thereby  to  ascertain  their  real  form.  It  is  right  to  state  that 
the  same  idea  for  effecting  this  object  had  also  occurred  to  Lieut. 
HerscheL 

Spectroscopic  observations  made  by  Mr.  Lockyer,  during  full  sun- 
shine, have  independently  established  the  existence  of  the  gaseous 
envelope  encompsjasing  the  sun,  which  a  discussion  of  telesoopic 
observations  made  during  the  occurrence  of  eclipses  had  already 
revealed.  This  envelope,  like  the  red  prominences  which  merely 
form  the  upheavings  of  it,  has  been  found  to  consist  mainly  of 
hydrogen.  From  the  enormous  extent  of  these  upheavings,  as 
indicated  by  the  observations  of  prominences  ascending  to  heights 
of  sixty,  seventy,  and  even  eighty  thousand  mOes,  it  would  appear 
that  the  exterior  solar  envelope  is  subject  to  agitations  of  a  veij 
tumultuous  nature.  Further  observations  may  be  expected  to  throw 
light  on  this  interesting  and  mysterious  appendage  of  the  sun. 

The  President  remarked  that  Dr.  Grants  while  speaking  of  the 
late  striking  discovery,  that  incandescent  hydrogen  existed  at  a  vast 
height  in  the  solar  atmosphere,  had  referred  incidentally  to  what  was 
well  known  to  those  conversant  with  this  subject,  namely,  that  he  had 
himself,  seventeen  years  ago,  suggested  the  probable  existence  of  some 
such  gaseous  envelope  resting  on  the  photosphere — a  sagadons  con- 
jecture only  verified  within  these  few  montha  He  had  also  been  the 
first  to  suggest  the  idea  that  the  "  rose-coloured  prominences  "  did  not 
belong  to  the  lunar  sur£Bu»,  as  a  lunar  envelope,  but  to  the  solar 
atmosphere — another  suggestion  only  verified  during  the  most  recent 

become  possible  to  ascertain  the  materials  of  which  the  heavenly  bodies  are 
comi>o8ed.  Professor  Herschel,  at  the  same  time,  executed  some  very  sacoesBfiil 
oxiicriments  illustrative  of  the  spectra  of  metallic  fiamea,  indoding  ao  illus- 
tratinn  of  the  absorption  baud  of  sodium.  A  paper  from  his  pen  od  the  subject 
nil  J  l)e  found  elsowherr. 


Professor  Grant  oti  the  Physical  Constitution  of  the  Sun.      Ill 

eclipses.  It  was  not  a  little  remarkable  that  Dr.  WilsoD,  who 
occupied  Dr.  Grant's  Chair  a  hundred  yeara  ago,  had  been  the  first  to 
propose  that  theory  of  the  physical  constitution  of  the  sun  which  is 
now  universally  received.  The  name  of  another  distinguished  Pro- 
fessor of  Gla.sgow  University  was  well  known  in  connection  with 
solar  physics;  and  as  he  was  now  present,  the  President  expressed  a 
hope  that  Sir  William  Thomson  would  lay  before  the  Society  his 
views  in  regard  to  the  age  of  the  sun  and  the  maintenance  of  solar 
heat. 

Sir  Wm.  Thomson  said  that  his  contribution  to  the  meteoric  theory 
of  solar  heat  had  been  to  point  out  that  the  meteoric  supply  could  not 
be  perennial.  In  his  paper  "On  the  Mechanical  Energies  of  the 
Solar  System"  {Transactions  of  the  Royal  Society  of  Edinburgh,  April, 
1854),  he  had  shown  that  meteors  falling  from  extra-planetary  space 
in  sufficient  abundance  to  generate  the  heat  emitted  from  the  sun  for 
the  last  2,000  years,  must,  by  the  augmentation  they  must  have 
brought  to  the  central  mass,  have  caused  a  gradual  shortening  of  the 
year,  of  which  the  accumulated  effect  during  that  period  must  have 
di.slocated  the  seasons  to  the  extent  of  a  month  and  a  half.  But 
observation  proves  that  there  has  been  a  dislocation  of  the  seasons 
only  to  the  extent  of  about  an  hour  and  three-quarters,  since  a  certain 
eclipse  of  the  moon  was  seen  on  March  19,  721  a  c.,  in  Babylon. 
It  is  quite  certain,  therefore,  that  meteoric  supply  for  sun  heat  has 
not,  within  historical  periods,  come  from  distant  space  outside  the 
earth's  orbit.  He  therefore  found  it  necessary  to  modify  the  meteoric 
hypothesis  of  sun  heat — a  hypothesis  which  he  had  learned  from  a 
communication  by  Mr.  Waterston  to  the  British  Association  at  Hull 
in  1853,  but  which  he  has  since  found  had  been  previously  proposed 
by  Mayer.  If  it  is  true  that  the  heat  emitted  by  the  sun  is  compen- 
sated from  year  to  year  by  meteors,  he  proved  that  instead  of  a 
certain  quantity  of  meteors  falling  in  a  certain  time  from  distant 
extra-planetary  space,  as  supposed  by  Mayer  and  Waterston,  a  double 
quantity  in  the  same  time  must  fall  from  orbits  inside  that  of  Mercury. 
But  at  the  same  time  he  pointed  out  that  observation  and  dynamical 
theory  of  the  motions  of  the  planets  must  be  had  recourse  to,  to  test 
whether  or  not  there  can  be  a  sufficient  amount  of  matter  circulating 
as  meteora  inside  the  orbit  of  Mercury  to  provide  sun  heat  for  a  few 
hundred  years  to  come.  Since  that  time  Leverrier^s  fine  researches  on 
the  motions  of  the  planet  Mercury  give  evidence  of  matter  circulating 
as  a  great  number  of  small  planets  within  his  oi*bit  round  the  sun. 
But  the  amount  of  matter  thus  indicated  is  very  small,  probably  not 
enough  for  a  few  hundred  years'  heat     It  is  therefore  h\%ViV}  \TCi\ftQ- 
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bablc  that  the  heat  of  the  sun  depends  at  all  for  its  contiuuation  ujx)n 
a  continued  meteoric  supply.  In  the  present  state  of  science,  what 
appears  most  probable  is  Helmholtzs  view,  that  the  sun  originally 
acquired  his  heat  in  being  built  up  out  of  smaller  masses  falling  together 
and  generating  heat  by  their  collision,  but  tliat  at  present  he  is  simply 
an  incandescent  mass  cooling.  In  an  article  in  MacmUlarCa  Magazine^ 
March,  1862,  "On  the  Age  of  the  Sun's  Heat,"  he  (Sir  W.  Thomson)  had 
shown  that  the  sun  may  have  been  in  this  condition  for  many  million 
years,  and  may  continue  for  several  million  future  years,  giving  out 
heat  and  light  from  the  vast  initial  supply  generated  in  that  manner; 
but  that,  without  supposing  the  sun  to  be  a  miraculous  body,  con- 
tinually violating  the  laws  of  matter,  we  cannot  believe  that  from  first 
to  last  he  could  illuminate  the  earth  for  several  times  one  hundred 
million  years,  if  even  for  so  long  a  period  as  that.  Since  he  had  been 
asked  to  explain  his  views  regarding  the  theory  of  sun  heat,  he  took 
the  opportunity  of  adverting  to  a  statement  which  Professor  Huxley 
had  recently  made  in  his  inaugural  address  to  the  Geological  Society 
of  London,  to  the  effect  that  he  (Sir  W.  Thomson)  had  only  fifleen 
years  ago  entertained  a  view  of  the  origin  of  the  sun's  heat  which 
would  have  "  suited  Hut  ton  perfectly,"  inasmuch  as,  according  to  that 
view,  the  energy  radiating  from  year  to  year  is  supplied  from  year  to 
year.  But  Professor  Huxley  had  not  noticed  the  very  limited  supply 
which  could  possibly  exist  in  store,  according  to  that  view,  certainly 
not  upon  any  estimate  equal  to  three  hundred  thousand  years'  ex- 
penditure, and  now  proved  to  be  very  much  less  by  the  astronomical 
observations  published  since  1854.  And,  in  fact,  no  view  except 
Hegel's — "  the  motion  of  the  heavenly  bodies  is  not  a  being  pulled 
this  way  and  that,  as  is  imagined  (by  the  Newtonians) ;  they  go  along, 
as  the  ancients  said,  like  blessed  gods " — could  satisfy  a  "  thorough- 
going Huttonian  uniformitarian,"  or  could  fulfil  the  conditions  ima- 
gined by  Lyell  as  a  foundation  for  a  theory  of  underground  heat.  As 
to  the  sun,  we  can  now  go  both  backwards  and  forwards  in  his  history, 
upon  the  principles  of  Newton  and  Joule.  A  large  proportion  of 
British  popular  geologists  of  the  present  day  have  been  longer  con- 
tented than  other  scientific  men,  to  look  upon  the  sun  as  FonteneUe's 
roses  looked  upon  their  gardener.*  "  Our  gardener,"  say  they,  "  is  a 
very  old  man :  within  the  memory  of  roses  he  is  the  same  as  he  has 
always  been ;  it  is  impossible  he  can  ever  die,  or  be  other  than  he  is." 

♦  Kant*8  Pkymche  Oeographie.     (CoUected  Works,  voL  vi.,  Leipzig,  1839.) 


MINUTES. 


Corporation  Gallery  of  Art,  November  4,  1868. 

The  Sixtf-Beventh  Session  of  the  Ftiilosophical  Society  of  Glasgow 
was  opened  this  evening,  in  the  West  Hall  of  the  Corporation 
Oaller;  of  Art — Db.  Fbahcis  H.  Thouson,  the  President,  in  the 
Chair. 

Mr.  John  Dalziel,  Chemist,  2  Rochester  Place,  and  Mr.  Napier 
Smith,  Glasgow  Galvani^ng  Works,  Fianieston  Street,  were  elected 
membera  of  the  Society. 

At  the  request  of  the  Society,  Mr.  James  Beid  and  Mr.  William 
Johnston  consented  to  act  as  Scrutineers  of  the  Treasurer's  Ao- 
coimts. 

The  President  said  that  as  the  new  apartments  intended  for  the 
use  of  the  Society  will  not  be  ready  for  a  considerable  period,  the 
Council  had  applied  for  the  teuiporary  accommodation  of  tlie  Society 
in  the  Hall  where  they  were  now  assembled,  and  which  had  been 
obtained  through  the  kind  attention  of  the  Lord  Provost,  Mr. 
Mirrlees,  Convener  of  the  Town  Council's  Committee  on  the  Cor- 
poretion  Buildings,  Mr.  Charles  Heath  Wilson,  Curator  of  the  Art 
Gallery,  and  Mr.  William  West  Watson,  City  Chamberlain.  The 
President  proposed  that  the  Society's  thanks  be  communicated  to 
these  gentlemen;  which  was  ^reed  to. 

The  President  called  the  attention  of  the  Society  to  the  extn 
expense  which  would  be  required  in  fitting  up  the  new  rooms.  This 
subject,  he  mentioned,  had  been  under  the  consideration  of  the 
Council,  who  were  of  opinion  that  the  extra  outlay  for  furnishings 
should  be  defrayed  by  a  subscription  amongst  the  members,  without 
drawing  upon  the  oi-dinary  income  of  the  Society.  It  was  estimated 
that  Half-a-Ouinea  from  each  member  would  be  adequate  to  the 
purpose;  and  the  Council  entertain  the  hope  that  any  shortcomings 
in  contributions  of  this  sum  will  be  provided  against  by  latger 
subscriptions  on  the  part  of  many  of  the  members.  The  President 
having  submitted  this  proposal  to  the  Society,  it  was  agreed  to. 

The  Secretary  was  instructed  to  announce  the  Society's  resolution 
in  the  circular  convening  the  next  meeting. 

Vol.  Vlt— Nft  1.  1 
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The  President  then  delivered  an  openiDg  address;  at  the  close  of 
which,  on  the  motion  of  Mr.  Alexander  Harvey,  he  received  the 
cordial  thanks  of  the  Society. 


Corporation  GaUery  of  Art,  November  18,  1868. 

The  Society  met  this  evening  for  the  Sixty-seventh  Annual  EHection 
of  Office-bearers — Dr.  Francis  H.  Thomson  in  the  Chair. 

The  following  gentlemen  were  elected  members,  viz. : — 

Mr.  P.  M.  Moir,  Chemist,  83  Jamaica  Street ;  Mr.  W.  E.  Hutton, 
Chemist,  77  Renfield  Street;  Mr.  William  R.  W.  Smith,  2  North 
Coui*t,  Royal  Exchange;  Mr.  Peter  Forbes,  Chemist,  13  Crawford 
Street,  Port-Dundas;  Mr.  Greorge  M.  Qatheral,  Chemist,  Dalmuir 
Chemical  Works;  Mr.  John  Christie,  Chemist,  Alexandria  Turkey- 
Red  Works,  Dumbartonshire;  Mr.  Robert  Raphael,  149  West 
George  Street ;  Mr.  William  Guthrie,  Treasurer  to  the  Water  Com- 
missioners, 23  Miller  Street. 

Mr.  John  Mann,  the  Treasurer,  gave  in  the  following  Abstract  of 
his  Account : — 

Abstract  of  Treasurer's  Account.    Session  18G7-68. 

Dr. 
1867.— iV^ov.  1. 

To  Cash  in  Union  Bank  of  Scotlaml, £3    2    7 

,,  Cash  in  Treasurer's  hands, 4  12    $( 

£7  16    3i 

186a— Oct  31. 

To  Elntiy  Money  and  Dues  from  22  New  Members, 

1867-68,  at  42* 46    4    0 

y,  Annnal  Dues  from  5  Original  Members,  at  5*. » 15    0 

,,  Annnal  Dues  from  238  Members,  at  21«.,  249  18    0 

„  Annual  Dues  from  4  Members  for  two  3'ears, 8    8    0 

„  Annual  Dues  from  1  Member  for  four  years, 4    4    0 

309  19    0 

„  Chemical  Section. — Nett  Proceeds  from  Treasurer,  6  10    6 

Institution  of  Engineers  for  Rent, 15    0    0 

Interest  on  Bank  Account,  0    3    4 

„  Taxes  recovered  from  Landlord, 2  14    9 


£342    2  104 
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Cr. 

1868.— Oct  31. 

By  New  Books  and  Binding,  £94  17  9 

y,  Printing  Proce^'fi^f^  Circnian,  &c, 42  11  0 

y,  Stationery  and  Adverti£ing, 2  17  11 

„  Salaries  and  Wages, 110    0  0 

„  Delivering  and  Posting  Circulars,  19    4  6 

„  Bent,  Insurance,  Gas,  Coal,  and  Water,  67    9  5 

i> 


Taxes  and  Petty  Charges, 14    3  10 

Balance — In  Union  Bank  of  Scotland,  0    3    4 

Treasurer's  hands, 0  15    1} 


£342    2  10| 

The  Secretaby  read  the  Annual  Report  by  the  Council  on  the 
State  of  the  Society,  as  follows : — 

Eeport  bt  the  Council  ok  the  State  of  the  Society. 

I.  The  New  Rooms, — The  most  notable  incident  in  the  progress  of 
the  Society  during  the  past  year  is  the  completion  of  the  arrange- 
ment with  the  Town  Council  for  its  accommodation  in  the  Cor- 
poration Buildings,  Sauchiehall  Street.  The  details  of  the  prolonged 
negotiation  which  has  resulted  in  this  desirable  settlement  have  been 
80  recently  brought  before  the  Society  in  the  President's  opening 
address,  that  it  is  unnecessary  to  repeat  them  on  the  present  occasion. 
The  Council  have  been  disa])pointed  in  the  expectation  they  were  led 
to  entertain  of  the  new  apartments  being  ready  for  the  meetings  of 
the  Society  and  the  reception  of  the  Library  at  the  commencement 
of  the  Session.  The  Town  Council's  Committee  on  the  Corporation 
Buildings  have,  however,  done  what  they  could  to  obviate  the  incon- 
venience caused  by  this  delay,  by  consenting  to  the  Society's  meetings 
being  held  in  the  Gallery  of  Art.  As  the  Hall  in  Anderson's  XJni- 
▼ersity  continues  in  the  Society's  possession  till  next  Whitsunday,  the 
Council  deem  it  advisable  not  to  remove  the  Library  from  that  place 
80  long  as  there  is  any  risk  of  its  suffering  from  damp  or  dust  in  the 
new  room,  while  the  alterations  are  in  progress  in  the  adjoining 
apartments.  The  Council  have  pleasure  in  recording  their  high  sense 
of  obligation  to  the  retiring  President,  Dr.  Francis  H.  Thomson,  for 
his  active  exertions  in  maturing  the  arrangement  with  the  Town 
Council ;  and  they  hope  that  the  Society  will  still  enjoy  the  benefit  of 
his  services,  as  a  member  of  Council,  in  carrying  out  the  plans  which 
already  owe  so  much  to  his  xeal  and  industry. 

II.  The  Chemical  Ssdion, — ^The  institution  of  ar  C\i«iavcBX  ^«c^A»n 
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is  another  event  of  the  past  year  on  which  the  Society  has  to  con- 
gratulate itself.  The  Section  embraces  a  considerable  proportion  of 
the  Society's  members,  together  with  numerous  Associates.  To  the  last 
part  of  the  Society's  printed  Proceedings  it  furnished  several  papers 
of  great  ))ractical  impc^rtance.  It  has  also  shown  a  praiseworthy 
desire  to  add  to  the  members  of  the  Society,  which  is  thus  deriving 
from  the  Chemical  Section  no  small  share  of  fresh  interest  and 
numerical  strength.  In  these  circumstances,  the  Council  have  no 
doubt  that  the  Society  will  be  disposed  to  take  a  liberal  view  of  the 
claims  of  the  Section  upon  its  encouragement  and  support 

III.  T/ftC  Proceedings. — The  printed  Proceedings  of  Session  1867-68 
completed  the  sixth  volume  published  by  the  Society,  and,  includ- 
ing the  table  of  Contents,  Index,  and  List  of  Donations  to  the 
Library  for  the  previous  year,  extended  to  190  pages.  The  manufac- 
ture of  jute,  as  practised  in  the  extensive  works  at  Dundee;  the  rise 
and  progress  of  the  production  of  mineral  oils,  and  their  use  as  fuel ; 
and  the  improvements  in  iron  manufacture,  more  especially  with 
regard  to  Bessemer's  process,  were  amongst  the  topics  treated  of  in 
the  address  by  the  President  at  the  opening  of  the  Session.  Mr.  St. 
John  Vincent  Day  contributed  an  elaborate  paper  "On  the  Great 
Pyramid  of  Egypt,"  with  supplementary  remarks  by  Mr.  William 
Petrie  "  On  the  Sun's  Distance  and  the  Great  Pyramid.'*  In  another 
contribution,  Mr.  Day  gave  "  An  Account  of  the  j)re8ent  state  of  some 
Branches  of  Iron  Metallurgy."  "A  new  Plastic  Material,"  the  inven- 
tion of  Mr.  John  Clark,  jun.,  of  Mile-end,  Glasgow,  was  described  by 
Mr.  Edmund  Hunt  For  the  following  papers,  the  Society  was 
indebted  to  the  Chemical  Section,  viz. : — "  On  the  Sources  of  Sulphur 
used  in  the  Manufacture  of  Sulphuric  Acid,"  by  Mr.  James  Mactear; 
"  On  the  Recovery  of  Sulphur  from  Alkali  Waste,"  by  Mr.  Ludwig 
Mond ;  "  On  Animal  Charcoal,  particularly  in  relation  to  its  Use  in 
Sugar  Refining,"  by  Dr.  William  Wallace ;  "  On  the  Estimation  of 
Potassium,"  by  Mr.  James  Chalmers  and  Mr.  Robert  R  Tatlock. 
The  Rev.  Mr.  Crosskey  and  Mr.  David  Robertson  recorded  the 
observations  made  by  them  during  a  journey  in  Norway  "  On  the  Post- 
tortiary  Betls  "  of  that  country. 

The  following  additional  communications  were  not  printed  in  the 
Proceedings^  viz. : — "  On  the  Early  History  of  the  Distillation  of  Coal 
and  other  Bituminous  Substances,"  by  Dr.  Thomas  Anderson;  "On 
Vibniting  Strings  in  connection  with  Musical  Harmony,"  by  Mr. 
Alexander  S.  Hcrschel ;  "  On  the  Planet  Jupiter  seen  without  his 
Satt'llites,"  by  Professor  Grant ;  "  Account  of  Recent  Researches 
ix'H|>ecting  the  Internal  Heat  of  the  Globe,"  by  Dr.  Biytv;  "On  the 
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Correlation  of  Force  in  its  Bearing  on  Mind,"  by  Dr.  John  Young. 
Sir  William  Tliomson  exhibited  and  explained  new  Electrical  Instru- 
ments for  delicate  testing  purposes,  for  use  at  sea.  Dr.  Francis  H. 
Thomson  read  a  paper  "  On  the  Fusibility  of  Trappean  Rocks."  Dr. 
Allen  Thomson  made  a  communication  '^  On  the  Brain  of  the  Mar- 
moset and  other  Simiae."  Mr.  James  Thomson  read  a  paper  "  On 
the  Difference  of  Structure  in  some  Genera  of  Carboniferous 
Corals." 

IV.  dumber  of  Members. — It  appears  from  the  Treasurer's  rei)ort 
that  the  number  of  members  at  the  beginning  of  last  Session  was  278, 
and  that  this  number  was  increased,  by  the  addition  of  23  new 
members  during  the  session,  to  301.  From  this  number  there  fall 
to  be  deducted  for  arrears,  3 ;  resigned,  5 ;  left  town,  2 ;  dead,  5 — total 
15, — leaving  on  the  I'oll  at  the  commencement  of  the  present  Session, 
286.  The  Council  take  leave  to  suggest  that,  in  the  improved 
circumstances  of  the  Society,  an  effort  should  be  made  without  delay 
to  increase  the  number  of  its  members, — an  object  which  may  be 
readily  attained  by  the  personal  influence  of  the  present  members. 

The  above  report  having  been  approved  of,  was  ordered  to  be 
printed  in  the  Proceedings. 

Rev.  Mr.  Crosskey,  the  Librarian,  reported  that  during  the  past 
year  254  volumes  and  pamphlets  had  been  added  to  the  Library,  which 
now  consists  of  4,450  volumes. 

The  Society  then  proceeded  to  the  election  of  Office-bearers,  who 
were  appointed  as  follows : — 


$rjesibent. 
James  Bryce,  M.A.,  LL.D.,  F.G.S. 

Professor  Robert  Grant,  M.A.,  LL.D.,  F.RS. 
Professor  Allen  Thomson,  M.D.,  F.RS. 

l^ibxarian. 

Rev.  Henry  W.  Crosskey,  F.G.S. 

Mr.  John  Mann,  C.A. 

Mr.  Wiluam  Keddie,  F.RS.E. 


lid  F^lamypkieaL  Soeie^j^  o/  Gla^go  w. 


Mr.  JoRsr  'Rjlmbat,  of  Kildalton.  PsonasoR  Jomr  Tootg,   ir.D., 
PRoranoft    W.    J.    Macqcosst  F.RS.E 

RAFKm,  LL.D.,  F.R.a  31a.  St.  JoH3r  Tctcot  Day,  C.  E. 

Sis   William  Thomsos,   LL.D.,  Mr.  JoHar  Dow^nz. 

FR.S.  Mr.  WnxiAjr  Macadajt. 

Mr.  Wiluax  Rauat.  Mr.    Edward   C.   C.  Stajtford, 
Mr.  GsDRfis  A^TDRRsos,  M.P.  F.C.S. 

Mr.  Alex.  &  Hrrschrl,  RA.  Dr.  Frascq  H.  Thomsov. 

Mr.  CRoancKT  exhilnted  a  specimen  of  Ecoom  CamadenMe  firom  the 
LRarentan  rocks  of  Caiuuia*  This  specimen  is  the  first  which  htA 
been  brought  to  Scotland ;  and  its  position  and  characterLstics  were 
deflcnbed.  It  oocqts  in  the  oldest  known  rocks  of  North  America, 
consisting  of  highly  metamorphosed  qoartzcse  and  cmlcareoos  beds» 
which,  in  their  three  great  divisions  of  upper  and  lower  Laurentian 
and  Hnronian,  attain  the  thickness  of  50,000  feet.  This  remaibble 
fiMsil  is  the  earliest  known  form  of  life,  ante-dating  hj  a  vast  period 
the  oldest  Scottish  fossils.  It  is  a  gigantic  foraminifer,  and  has  a 
▼erj  great  zoological  as  well  as  geological  interest,  since  it  combines 
within  itself  chanurterifttics  now  fonnd  separated  amongst  distinct 
gimeia  of  existing  forms. 

Profrssor  Toubo  remarked  npon  the  interest  of  the  specimen  and 
its  nneqnivocal  organic  origin;  and  qnoted  the  discorerj  by  Dr. 
Torell  of  plants  in  Swedish  rocks  of  a  correqMmdiog  age,  as  an 
indication  that  foraminifera  were  not  the  only  living  forms  at  that 
early  period. 

Ma.  Crossket  proposed  to  prepare  microeoopic  sections  to  submit 
to  the  Society  at  a  future  period.  He  also  exhibited  specimens  of 
polished  encrinital  limestone  from  Ayrshire:  During  the  cutting  of 
a  line  of  railway  from  West  Broadstone  Quany,  Mr.  Craig  called 
attention  to  the  polished  limestone,  of  which  these  were  spedmena 
The  boulder  clay  rests  in  hollows  of  the  limestone;  and  beneath  a 
▼ery  compact  mass  of  boulder  clay  the  limestone  is  striated  and 
polished  by  the  action  of  ice  during  the  glacial  period.  The  limestone 
itself  is  almost  entirely  composed  of  fragments  of  encrinites,  which 
are  exposed  in  every  conceivable  form  of  section.  In  fact,  the  speci- 
mens are  almost  as  smoothly  polished,  and  the  encrinites  as  delicately 
cut  in  section,  as  though  they  came  from  a  marble-polishing  workshop. 
The  force  exerted  to  produce  this  effect  must  have  been  gradual. 
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persisteDt,  and  6rni.  It  could  not  have  been  accomplished  uei*ely 
bj  a  spasmodic  crush.  One  of  the  specimens  shown  is  remarkable 
from  having  a  hollow  in  which  the  work  is  only  half  done,  one  of 
the  stems  being  but  partially  smoothed  down — thus  further  indicating 
the  character  of  the  ice  action  involved. 

Mr.  John  Mater  showed  a  specimen  of  Liquor  AmmoniaSf  obtained 
from  Glasgow  sewage  by  means  of  the  process  ^mtented  by  Mr.  Gavin 
Chapman,  Manufacturing  Chemist,  Dalmamock  Hoad,  and  author  of 
a  letter  on  the  sewage  question  addressed  to  the  Magistrates  and 
Town  Council,  in  which  his  process  is  described  for  extracting 
ammonia  from  this  source.  A  quantity  of  sewage  water,  afier  being 
purified  by  the  process,  and  containing  a  living  fish,  was  also  shown. 
Mr.  Mayer  likewise  exhibited  a  specimen  of  Ransome*s  Patent  Stone, 
pointing  out  its  applicability  to  various  purposes  of  use  and  ornament. 
He  next  exhibited  a  specimen  of  NobeFs  Dynamite  or  Giant  Powder, 
and  described  the  method  of  its  application. 

Mr.  John  Downie  produced  a  block  of  wrought  iron,  12  inches  in 
diameter,  and  about  the  same  number  of  inches  in  thickness,  having 
a  hole  through  it  1|  inch  in  diameter,  in  which  a  charge  of  6^ 
onnces  of  dynamite  had  been  placed.  The  explosion  of  the  dynamite 
had  rent  the  block  in  a  remarkable  manner.  In  further  illustration 
of  the  power  of  this  substance,  two  thicknesses  of  boiler  plate,  each 
f  the  of  an  inch  thick,  were  produced.  Through  each  plate  a  piece 
of  tin  had  been  blown  by  a  charge  of  dynamite  placed  in  a  wooden 
cylinder  about  2  feet  from  the  plate,  and  left  open  to  the  atmosphere. 
A  piece  of  iron  having  a  charge  of  dynamite  placed  around  it,  was 
found  to  be  sensibly  reduced  in  diameter  and  slightly  elongated  afler 
the  explosion. 

Mr.  W.  Keddie  exhibited  specimens  of  Pavonaria  quadranguUKi$, 
a  rare  compound  zoophyte  of  the  family  PenncUulidas  (known  as 
sea  pens),  from  Loch  Etive,  Argyleshire.  The  slender  calcareous  rod, 
forming  the  skeleton  or  axis,  and  which  is  invested  with  animal 
matter  when  the  zoophyte  is  alive,  measured  in  each  specimen  2  feet 
10  inches.  Several  specimens  of  the  polype-beai'ing  portion  of  the 
rod  were  exhibited,  preserved  in  spirit,  and  showing  successive  rows 
of  polypes,  four  or  six  in  each  row,  disposed  in  a  unilateral  manner 
on  the  upper  part  of  the  flexible  stem.  The  rod  is  rooted  in  mud, 
at  a  depth  of  from  12  to  20  fathoms  water.  This  zoophyte  has 
seldom,  if  ever,  been  found  in  British  waters,  except  in  the  sea 
betwixt  Kerrera  and  Lismore  Islands,  and  in  Loch  Etive  betwixt 
Dunolly  and  Dunstaffnage  Castles. 

This  closed  the  business  of  the  meeting.     On  finallY  Q^\\Xkii\|»^^ 
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chair,  Dr.  Francis  H.  Thomson  thanked  the  Society  for  the  kindness 
and  indulgence  which  had  been  shown  to  him  during  the  period  he 
had  held  the  o£5ce  of  President. 


CHEMICAL    SECTION. 

List  of  Office-hearers  elected  at  General  Meeting  held  on  23d 

November,  1868. 

$resibjmt. 

Da  Thomas  Amdebson,  F.RS.E. 

Dr.  Wiluam  Wallace,  F.RS.R 
Mr.  Alexander  Whitelaw. 

JCrieEStttcr, 

Mr.  William  Ross  Hutton. 
Mr.  Robert  R  Tatlogk,  F.CS. 


Mr.  Edwd.  C.  C.  Stanford,  F.C.S. 
Mr.  William  Macadam. 
Ma  James  H.  Bald. 
Mr.  John  Jex  Long. 


Mr.  James  Couper. 
Mr.  James  Mactear. 
Mr.  John  R  Poynter. 
Mr.  John  Ferguson,  M.A. 


Corporaticn  Buildings^  Beoemher  2,  1868. 

Dr.  Bryce,  on  taking  the  Chair,  expressed  his  cordial  thanks 
for  the  honour  conferred  uiK)n  him  bj  the  Society,  in  appointiug 
him  to  an  office  of  so  much  responsibility,  and  assured  the  members 
that  no  effort  should  be  wanting  on  his  part  to  perform  the  duties 
in  an  efficient  and  satisfactory  manner.  After  adverting  to  the 
improved  position  of  the  Society,  and  the  prospect  now  opened  up  of 
increasing  prosperity  and  greater  public  usefulness,  he  went  on  to 
review,  as  a  fitting  sequel  to  the  address  of  the  retiring  President,  the 
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various  schemes  not  noticed  by  him,  which  had  been  from  time  to 
time  proposed  for  the  removal  or  utilization  of  the  Citj  Sewage. 
The  following  gentlemen  were  elected  members,  viz. : — 
Mr.  John  L.  K.  Jamieson,  12  Centre  Street;  Mr.  Robert  Hutchi- 
son, Merchant,  7  Park  Quadrant;  Dr.  Andrew  Fergus,  Elmbank 
Street;  Mr.  Alexander  Christie,  Brassfounder,  30  Buchan  Street, 
Gorbals;  Mr.  James  Provan,  17  Gordon  Street;  Mr.  C.  A.  Douglas, 
Tarn  Agent,  19  St  James's  Terrace ;  Mr.  Campbell  T.  Bowie,  Painter^ 
Bothwell  Street 

It  having  been  arranged  by  the  Council  that  the  evening  should  be 
devoted  to  the  consideration  of  the  Sewage  Question,  the  discussion 
was  opened  by  the  President,  who  was  followed  by  Mr.  Gale,  Engineer 
to  the  Water  Commissioners;  Mr.  Hugh  M'Clure,  Civil  Engineer; 
Mr.  Begg,  Kirkintilloch;  Mr.  John  Robertson,  Dr.  Gairdner,  and 
Mr.  St.  John  Vincent  Day.  The  discussion  was  adjourned  till  the 
next  meeting  of  the  Society. 


Corporation  Buildings^  December  16,  1868. — The  President 

in  the  Chair, 

The  following  gentlemen  were  elected  members  of  the  Society,  viz.  :— 
Mr.  James  Clinkskill,  124  Douglas  Street;  Bailie  William  Millar, 
1  Gallowgate;  Mr.  Alexander  M'Lean,  Banker,  119  Sauchiehall 
Street;  Dr.  James  Morton,  199  Bath  Street;  Mr.  James  Campbell 
Kemp,  2  Wilton  Crescent;  Mr.  William  Young,  Chemist,  10  Clayton 
Terrace;  Mr.  Andrew  L.  Knox,  187  St  Vincent  Street;  Mr.  Adam 
Teacher,  9  Fitzroy  Place. 

The  discussion  of  the  Sewage  Question  was  resumed  by  Mr.  Daniel 
Munro,  who  was  followed  by  Mr.  W.  R.  W.  Smith,  Mr.  William 
Robertson,  Mr.  James  Robertson,  Dr.  Dewar  of  Kirkcaldy,  Dr. 
Adams,  and  Mr.  Edward  C.  C.  Stanford.  On  the  motion  of  Dr. 
Wallace,  the  discussion  was  adjourned  till  the  next  meeting,  on  the 
13th  of  January. 


Corporation  Buildings,  January  13,    1869. — The  President 

in  ifie  Chair, 

The  following  gentlemen  were  elected  members,  viz. : — 
Mr.  J.  Struthers  Hamilton,  Adelphi  Cotton  Works ;  Mr.  William 
Stewart^  Writer,  99  St  Vincent  Street;  Mr.  James  8mitl\,  IILuglxx- 
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£Acturer,  Dixon  Street;  Mr.  Donald  Fisher,  Writer,  194  West 
George  Street  \  Dr.  Mathew  Charteris,  Rochester  Place ;  Mr.  David 
George  Hoey,  Accountant,  119  St.  Vincent  Street;  Mr.  William 
Robertson,  C.K,  123  St  Vincent  Street;  Mr.  James  Paterson, 
Merchant,  5  Madeira  C!ourt;  Mr.  Andrew  J.  Kirkpatrick,  296  Bath 
Crescent;  Mr.  John  Virtue,  57  St  Vincent  Crescent;  Mr.  Thomas 
L.  Stillie,  Merchant,  26  Renfield  Street;  Mr.  Walter  Arrol,  Mer- 
chant, 18  Ely ths wood  Square;  Mr.  William  A.  Arrol,  Merchant, 
18  Blythswood  Square;  Mr.  Louis  Leisler,  West  G«orge  Street; 
Mr.  Frederick  H.  Schwabe,  Athole  Place. 

The  adjourned  discussion  on  the  Sewage  Question,  after  the  reading 
of  a  letter  on  the  subject  from  Mr.  James  Bain,  was  resumed  by  Dr. 
Wallace,  who  was  followed  by  Dr.  Fergus,  Mr.  Cross,  Dr.  Morton, 
Mr.  Edward  Hull,  of  the  Geological  Survey,  and  Mr.  Mayer. 

D&.  Francis  H.  Thomson  stated  that  a  deputation  from  the  Sewage 
Association  had  that  evening  submitted  to  the  Council  a  proposal  to 
join  the  Society  as  a  Section  of  Sanitary  and  Social  Economy ;  and  as 
there  was  no  doubt  that  the  union  would  speedily  take  place,  he  moved 
that  the  subject  under  discussion  be  now  remitted  to  that  Section, 
with  instructions  to  report  to  the  Society. 

The  motion  was  agreed  to. 


Corporation  Buildings,  January  27, 1869. — The  President 

in  the  Chair, 

The  following  gentlemen  were  elected  members,  viz. : — 
Mr.  David  Thomson,  Architect,  29  St  Vincent  Place ;  Mr.  Alex- 
ander Morton,  Albert  Works,  Hyde  Park  Street ;  Mr.  Alexander  C. 
Eark,  Engineer,  62  St.  Vincent  Crescent;  Mr.  James  Deas,  C.K, 
Resident  Engineer,  Clyde  Trust,  4  Royal  Circus;  Mr.  Thomas  R 
Auchterlonie,  Chemical  Manufacturer,  Bellfield,  Kirkintilloch;  Mr. 
Jonathan  Thomson,  136  West  George  Street;  Dr.  Robert  Bell, 
20  Woodlands  Road;  Mr.  Archibald  Walker,  Distiller,  4  Muirhead 
Street;  Mr.  John  Stevenson,  Manufacturing  Chemist,  23  West  Nile 
Street;  Mr.  J.  L.  Lang,  Writer,  5  Pro  van  side;  Mr.  Alexander 
Anderson,  104  Hill  Street,  Gamethill. 

A  minute  of  the  Council  of  13th  January  was  read,  stating  that  a 
deputation  from  the  Sewage  Association  had  applied,  on  the  part  of 
that  body,  to  be  united  to  the  Philosophical  Society  as  a  Section ;  and 
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that  the  Council  had  proposed  to  receive  the  Association  as  a  depart- 
ment of  the  Statistical  Section,  to  be  distinguished  as  the  Section  of 
Sanitary  and  Social  Economy,  and  to  be  placed  on  the  same  footing 
with  regard  to  its  privileges  as  the  Chemical  Section.  At  the  meet- 
ing of  Council  this  evening  a  letter  was  received  from  Mr.  David  G. 
Hoey,  Secretary  to  the  Association,  intimating  that  at  a  general 
meeting  of  the  Association,  held  on  the  Slst  of  January,  it  was 
unanimously  resolved  to  unite  with  the  Philosophical  Society  on  the 
terms  proposed. 

The  President  now  declared  the  Section  of  Sanitary  and  Social 
Economy  to  be  duly  constituted. 

The  President,  with  the  concurrence  of  the  Council,  gave  notice 
of  a  motion  to  be  proposed  at  next  meeting,  on  the  subject  of 
establishing  a  School  of  Mining  in  Glasgow. 

Professor  Sir  Wuxiam  Thomson  showed  some  of  Koenig^s  experi- 
ments illustrating  vibrations  of  sound  by  means  of  flames,  together 
with  an  instrument  contrived  by  Helmholtz  for  indicating  the 
number  of  vibrations. 


Corporation  Buildings,  Fehrua/ry  10,  1869. — The  President 

in  the  Chair. 

The  following  gentlemen  were  elected  members,  viz. : — 
Mr.  Edward  R  Alston,  205  Bath  Street;  Mr.  Robert  Haunay, 
Younger  of  Kusko,  Ironmaster,  Blochaim  (OflBce,  West  Kegent 
Street);  Mr.  Angus  Kennedy,  C.R  and  LA.,  99  Bath  Street;  Mr. 
James  M.  Forrester,  Accountant,  116  St.  Vincent  Street;  Mr. 
David  Storer,  Colour  Works,  Sidney  Street;  Mr.  CoUn  Campbell, 
Iron  Merchant,  2  Granby  Terrace,  Hillhead;  Mr.  John  M'Gavin, 
Grain  Miller,  19  Elmbank  Place;  Mr.  David  Watson,  Coalmaster, 
Bathville,  near  Bathgate ;  Mr.  Hugh  Steven,  Ironfounder,  42  Windsor 
Terrace,  St  George*s  Road;  Mr.  James  Johnstone,  Manufacturing 
Chemist,  Coatbridge  Street,  Port-Dundas;  Mr.  John  Tule,  Engineer, 
23  Carlton  Place;  Mr.  James  R  Mirrlees,  Engineer,  336  Sauchiehall 
Street 

Mr.  Crossket,  the  Librarian,  intimated  that  in  order  to  facilitate 
the  removal  of  the  Library  to  the  new  hall,  no  books  would  be 
issued  after  the  1st  of  March,  but  that  members  desirous  of  obtaining 
works  for  consultation  woidd  be  allowed  to  retain  them  till  the  re- 
opening of  the  Library. 


124  Philonophical  Society  0/ Glasgow. 

The  following  motion  was  proposed  by  the  President,  seconded  by 
Mr.  Day,  supported  by  Mr.  Crosskey,  and  unanimously  adopted,  viz. :  — 

**A  proposal  having  lately  been  brought  before  the  public  for  the 
establishment  of  a  Lectureship  on  Practical  Mining  in  this  city,  the 
Philosophical  Society  of  Glasgow  hereby  desires  to  express  its  warm 
approval  of  the  same.  The  Society  is  of  opinion  that  Glasgow  is  in 
every  respect  the  most  suitable  place  in  Scotland  for  the  institution  of 
such  a  Lectureship,  for  the  following  reasons: — 1.  No  such  Lecture- 
ship exists  in  Scotland.  2.  Glasgow  is  the  centre  of  mining  and 
metallurgic  operations  which  give  employment  to  a  vast  population 
requiring  instruction  in  everything  relating  to  mines  and  mining. 
3.  An  Engineering  School  is  already  connected  with  our  University, 
needing  only  the  addition  of  other  lectureships  to  form  a  complete 
Mining  School.^' 

Mr.  Egbert  R  Tatlock,  Secretary  to  the  Chemical  Section, 
reported  on  its  proceedings  since  the  beginning  of  the  Session,  and 
mentioned  that  the  Section  now  embraces  fifty-four  Associate  Mem- 
bers not  otherwise  connected  with  the  Society.  The  papers  read,  and 
of  which  an  outline  was  now  given,  were  on  the  following  subjects, 
viz.: — 

1.  Chemistry  of  Sugar  Manufacture  and  Eefining. 

2.  Igniting  Points  of  the  Vapours  of  Commercial  Oils. 

3.  The  Potash  Salt  Deposits  of  Stassfurt. 

4.  The  Preservation  of  Wood. 
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in  the  Clvair^ 

The  following  gentlemen  were  elected  members,  viz. : — 
Mr.  Peter  Beattie,  Inspector  of  Poor  of  Barony  Parish,  Florence 
Villa,  Crossbill;  Mr.  Anthony  Sykes  Coubrough,  Blanefield,  Strath- 
blane  (77  Queen  Street);  Mr.  James  Copeland,  Engineer,  Pulteney 
Street,  Debbie's  Loan;  Mr.  H.  C.  Dixon,  Auctioneer,  Pollokshields; 
Mr.  Arthur  Herriot,  Inspector  of  Weights  and  Measures,  1 1  Kope- 
work  Lane;  Mr.  William  Miller,  Merchant,  157  West  Geoi^ 
Street;  Mr.  John  Mackay,  Jun.,  Cabinet  Manufacturer,  270  Sauchie- 
hall  Street 

Dr.  Allen  Thomson  read  a  i)aper  <'0n  the  Minute  Structure,  De- 
reJopment,  and  Comparative  Anatomy  of  the  Retina." 
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Corporation  BvUdings,  March  10,  1869. — 21ie  President 

in  the  Chair, 

The  following  gentlemen  were  elected  members,  viz. : — 

Dr.  Anderson  Kirkwood,  12  Windsor  Terrace,  West;  Mr.  George 
M'Lellan  Blair,  15  Granville  Sti'eet;  Mr.  James  M'Lellan  Blair, 
Engineer,  16  Abbotsford  Place;  Mr.  Albert  Black,  Merchant,  5  Kojal 
Crescent;  Mr.  John  Black,  Merchant,  5  Royal  Crescent;  Mr.  William 
Cross,  Manufacturer,  95  Argyle  Street ;  Mr.  William  Maclean,  Jan., 
Stockbroker,  98  West  George  Street;  Mr.  Thomas  A.  Mathieson, 
EiJge-tool  maker,  13  East  Campbell  Street;  Mr.  James  Hutton,  C.A., 
163  West  George  Street;  Mr.  Thomas  M.  Barr,  C.R,  21  Rose  Street, 
Garnethill;  Mr.  John  Stewart,  Merchant,  8  Montague  Place,  Bath 
Street;  Mr.  Thomas  Watson,  70  Gordon  Street. 

Mr.  Edward  Hull,  F.R.S.,  District  Surveyor  of  the  Geological 
Survey  of  Scotland,  read  a  pajxir  "  On  the  Extension  of  the  Coal 
Fields  of  England  beneath  the  more  recent  Geological  Formations." 

On  the  motion  of  the  President,  the  thanks  of  the  Society  were 
voted  to  Mr.  Hull  for  his  communication. 


Corporation  Buildings,  March  24,  1869. — Tfie  President 

in  the  Chair. 

The  following  gentlemen  were  elected  members,  viz. : — 

Dr.  Muirhead,  Cambuslang;  Mr.  Daniel  Gardner,  Ovemewton 
House,  Partick;  Mr.  Walter  M'Farlane,  Chemist  and  Manager, 
Printworks,  Thomliebank ;  Mr.  George  Richardson,  Chemist,  Messrs. 
C.  Tennant  and  Co.*s,  49  Cochran  Street;  Mr.  Robert  Westlands, 
Hat  Manufacturer,  8  Howard  Street. 

Professor  Grant  read  a  paper  "  On  the  Physical  Constitution  of 
the  Sun,"  embracing  an  account  of  the  more  recent  discoveries. 

Mr.  Herschel  offered  some  remarks  on  the  connection  of  spectrum 
analysis  with  solar  physics,  and  performed  a  number  of  illustrative 
experiments. 

Sir  William  Thomson  followed  up  Dr.  Grant's  paper  with  obser- 
vations on  the  age  of  the  sun  and  the  maintenance  of  solav  Vv^Ql^*. 
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Corporation  Buildings^  April  U,  1869.— TA«  President 

in  the  Chair. 

The  following  gentleDien  were  elected  members,  viz.: — 
James  M*Cann,  D.D.,  LL.D.,  F.RS.L.,  F.G.S.,  Qerk  in  Holy 
Orders,  9  Elgin  Terrace,  Partick;  Mr.  C.  H.  Pennycook,  Gas 
Engineer,  100  Montrose  Street;  Mr.  James  Latta,  Merchant,  1 
North  Claremont  Street;  Mr.  Daniel  Munro,  W.S.A.,  66  Bath 
Street;  Mr.  John  Walker,  Dalmaruock  Dye  Works;  Mr.  Graham 
Hardie  Thomson,  Iron  Merchant,  24  Westminster  Terrace;  Mr. 
William  Gillies,  Wine  Merchant,  Norwell  Villa,  Langside ;  Mr.  Allan 
Arthur,  Dyer  and  Calico  Printer,  Partick;  Mr.  Alexander  Moore, 
Accountant,  28  St.  Vincent  Place. 

Mr.  St.  John  Vincent  Day  read  a  paper  "  On  the  Sun's  Distance 
and  Parallax.'* 


Corporation  Buildings,  April  28,  1869. — The  President  in 

the  Chair, 

The  Eev.  Henrt  W.  Crossket  read  a  paper  "On  Recent  Re- 
searches into  the  Post-tertiary  Geology  of  Scotland." 

Mr.  James  Thomson  read  "  Notes  on  the  Structure,  Stratigraphical 
Position,  and  Preservation  of  certain  Carboniferous  Fossils,"  which 
were  exhibited. 

Mr.  Robert  R  Tatlock  gave  in  the  following  report  from  the 

CHEMICAL  SECTION. 

Since  the  last  report  was  read  to  the  Society,  there  have  been  six 
meetings,  at  which  seven  papers  have  been  read,  as  follows  : — 

Feb.  15.^««  On  a  New  Method  for  the  Utilization  of  Sewage.*' 
By  Gkvin  Chapman,  Esq. 

March  1. — '*  On  the  Origin  and  recent  Progress  of  Spectrum 
Analysis."     By  Alex.  S.  Herschel,  Esq.,  B.A.,  F.RA.a 

March  15. — <'  Observations  on  some  Artificial  Colouring  Matters." 
By  W.  H.  Perkin,  Esq.,  F.R.S. 

Marcli  29. — "  On  the  Examination  of  the  Flame  of  the  Bes- 
semer Converter ; "  and  "  On  the  Molecular  Effect  of  Phos- 
phorus on  Iron.'*     By  Thomas  Rowan,  Esq.,  F.C.S. 
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March  29. — "  On    the    Duality   of    Compound    Molecules."     Bjr 

J.  Cameron,  E2sq. 
April  19. — "On    a    New    Method   of  Chemicallj   Treating  the 

Excreta  of  large  Towns,"     By  K  C.  C.  Stanford,  Esq.,  F.C.S. 

The  Section  has  communicated  with  the  Chemical  Society  of  Paris, 
and  with  the  Pharmaceutical  Society  of  London,  requesting  these 
Societies  to  send  their  respective  journals  regularly  in  exchange  for 
the  Proceedings  of  the  PhilosophiccU  Society;  and  to  which  they  have 
cordially  agreed. 

Mr.  Sioismukd  Schuman  gave  in  the  following  report  from  the 
SANITARY  AND  SOCIAL  ECONOMY  SECTION. 

February  8,  1869. — This  Section  met  in  the  Hall,  Andersonian 
University,  on  Monday  evening,  to  consider  rules  for  its  constitution. 
The  following  were  finally  adopted,  viz. : — 

CONSTITUTION. 

This  Section  has  been  established  for  the  purpose  of  affording  oppor- 
tunities for  the  discussion  of  the  numerous  and  important  subjects 
which  are  comprehended  in  the  title  of  the  Section,  and,  when  deemed 
necessary,  of  taking  action  in  reference  thereto.  Such  subjects  to  be 
introduced  at  periodical  meetings,  by  the  reading  of  papers  or  by 
verbal  communications. 

The  Section  consists  of  members  of  the  Philosophical  Society,  who 
are  admitted  free  to  its  meetings,  and  of  Associates  who  are  not  mem- 
bers of  the  Philosophical  Society,  who  are  admitted  to  the  Section  on 
payment  of  an  annual  subscription  of  Five  Shillings. 

Associates  have  the  privilege  of  consulting  the  Library  of  the 
Philosophical  Society. 

RULES: 

I.  The  management  of  the  Section  shall  devolve  upon  a  Committee 
of  thirteen,  consisting  of  a  President,  two  Vice-Presidents,  a  Secretary, 
and  nine  ordinary  members.  Three  a  quorum.  The  term  of  office 
shall  be  three  years ;  but  three  of  the  ordinary  members  shall  retire 
annually.  The  Committee  shall  fill  np  vacancies  that  may  occur  in 
its  number. 

IL  In  the  absence  of  the  President,  the  chair  shall  be  taken  by 
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one  of  the  Vioe-Preaidcnts ;  or,  iailiDg  them,  bj  oue  of  the  Com- 
mittee. 

Upon  all  questions  of  order  the  decision  of  the  Chairman  shall  be 
finaL 

IIL  No  paper  shall  be  read,  nor  any  subject  introduced  at  the 
meetings,  which  has  not  been  approved  of  by  the  Committee. 

IV.  Copies  of  the  papers  read  at  the  meetings  shall  be  given  into 
the  charge  kA  the  Secretary,  to  be  kept  for  reference ;  but  the  author 
shall  have  the  right  of  publication,  subject  to  the  approval  of  the 
Committee. 

y.  Every  candidate  for  admission  into  the  Section  shall  be  pro- 
posed and  seconded  at  an  ordinary  meeting,  and  at  the  following 
meeting  shall  be  balloted  for.     A  majoiity  of  votes  to  decide. 

VI.  The  Associates'  Annual  Subscription  of  Five  Shillings  becomes 
due  on  the  Ist  day  of  November  in  each  year. 

VI L  Persons  not  belonging  to  the  Glasgow  Philosophical  Society, 
but  whose  co-operation  would  be  valuable  to  the  Section,  shall  be 
eligible  as  Honorary  Members. 

VIII.  Any  Associate  desiring  to  withdraw  from  the  Section  shall 
signify  the  same  in  writing  to  the  Secretary.  Any  Associate  whose 
subscription  is  in  arrears  for  two  entire  years  may  be  removed  by  the 
Committee  from  the  list  of  members. 

IX.  A  meeting  of  the  Section  shall  be  summoned  annually,  in  the 
month  of  November,  to  receive  the  report  of  the  Committee,  and  to 
elect  three  Members  of  Committee  for  the  ensuing  year.  The  election 
shall  be  by  ballot.  The  retiring  Members  of  Committee  shall  not  be 
eligible  for  re-election  till  after  the  lapse  of  one  year. 

X.  The  foregoing  rules  shall  not  be  altered  or  increased  without 
the  sanction  of  a  Special  General  Meeting  of  the  Section.  Notice 
of  the  proposed  alteration  to  be  given  at  the  preceding  General 
Meeting. 


Fthruary  22,  1869. — The  following  gentlemen  have  been  elected 
the  Office-bearers  for  this  Session  : — 

fresU^ient 

Charles  Randolph,  Esq. 

^*ire-^nsibents. 

Andrew  Fergus,  Esq.,  M.D. 
W.  R.  W.  Smith,  Esq. 


Messbs.  Thomas  Hobt. 
„      Jakes  Anderson,  91 

Vincent  Street 
„  James  Deas,  C.E- 
„      Robert  Legoatt. 


JJetretsrn, 
G.  HoKT,  Eaq. 


©lirinarj  IgembetB  of  Committft. 


St 


Messrs.  William  M'Adam. 

CousaLLOR  Matbeson. 
Bailie  Mirrlees. 

SlOISMUND  BCHUMAN. 
COUHGILLOB   URB. 


Mr.  T,  Hoet  read  a  paper  upon  ' 
followed  by  a  lively  d 


Supply  oi'  Gas,"  which  was 


March  8,  1869. — la  accordance  with  the  desire  expressed  by  the 
Philoaophical  Society,  at  the  meeting  of  January  13,  1869,  that  this 
Section  should  continue  investigations  as  to  the  best  means  for  the 
removal  and  dispoaal  of  human  excreta  and  other  obnoxious  matter 
now  flowing  through  the  city  in  sewers,  and  to  their  probable 
utiliiation,  a  paper,  prepared  by  Mb.  Gayjk  Chaphan,  was  read,  pro- 
poeing  that  a  system  of  pipes  should  connect  the  water-clueets  with 
tanks  at  a  suitable  distance,  the  product  treated  with  lime,  precipitated 
and  heated  to  give  off  the  ammonia,  which  is  to  be  fixed  as  a  com- 
mercial product  Mr.  Chapman  computed  that  if  bis  treatment  be 
carried  out,  the  excreta,  instead  of,  as  at  present,  being  diluted  with 
foreign  matter  in  the  sewers  and  becoming  a  nuisance,  will  not  only 
pay  for  the  expense  of  recovery,  but  also  leave  annually  a  large  amount 
of  profit. 

Mr.  E.  C.  C.  Stakfobd  criticized  Mr.  Chapman's  mode  of  prooodnre 
from  a  chemical  point,  having  great  doubts  whether  Mr.  Chapman's 
object  could  possibly  be  attained  with  the  comparative  small  quantity 
of  fuel  be  calculated  iu  his  estimates.  Several  gentlemen  took  part 
in  the  discussion. 


March  22,  1869.— Mb.  W.  K  W.  Smith,  one  of  the  Vice-FresidenU 
of  the  Section,  opened  the  discussion,  following  up  the  subject  of  th« 
previous  meeting ;  also  reading  extracts  from  a  book  of  pamphlets  by 
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Mr.  Glaasfordy  formerly  of  this  city,  i^ho  is  of  opinion  that  human 
excreta,  collected  and  chemically  treated,  can  be  fixed  into  an  in- 
offensive portable  product  of  commercial  value. 


April  12,  1869. — Mb.  Thomas  Hoey  exhibited  a  model,  also  draw- 
ings of  arrangements,  for  the  collection  and  disposal  of  human  excreta. 
He  proposed  the  quantity  of  water  used  for  flushing  the  water-closets 
be  limited,  say  to  the  seventh  part  of  a  gallon  for  each  usage  of  the 
closet;  this  water  to  be  mixed  with  a  small  quantity  of  sulphuric 
acid,  which  will  fix  the  ammonia  and  other  valuable  products  of  the 
excreta,  and  prevent  decomposition  and  development  of  noxious  gases. 
The  model  exhibited  by  Mr.  Hoey  showed  an  ingenious  arrangement 
to  effect  his  object.  All  the  matter  thus  obtained  is  to  accumtdate 
at  a  convenient  place  until  carted  away  to  a  dep6t,  and  there  treated, 
according  to  his  plan,  mechanically  and  chemically,  for  manure.  The 
product  thus  obtained  will  be  portable,  inoffensive  to  health  when 
stored  up,  and  of  a  commercial  value ;  and  when  sold,  will  pay  expenses, 
interest  on  the  capital,  and  realize  large  profits. 

Mb.  John  Bego,  of  Kirkintilloch,  read  a  paper.  He  compared  the 
method  of  Sewage  Irrigation,  which  requires  not  only  a  lai'ge  outlay 
of  capital,  sunk  in  pipes,  machinery,  and  land,  but  also  heavy  daily 
expenses  for  pumping  the  large  volume  of  fluids  to  distant  places 
(taking  Messrs.  Bateman  and  Bazalgette's  estimates,  as  prepared 
for  this  city,  as  a  standard),  and  pointing  out  the  more  than  doubt- 
ful result  of  its  value  to  agricultural  purposes,  from  the  immense 
dilution  of  the  valuable  ingredients  of  the  excreta  with  the  volume  of 
foreign  matter  and  water,  with  Captain  Lieumur's  system,  which  is 
simply  to  keep  all  water  and  foreign  matter  away  from  the  excreta 
when  deposited,  and  allow  it  to  glide  into  a  well  which  is  connected 
with  pipes  laid  to  a  suitable  place,  where  a  pneumatic  engine  attached 
to  carts,  with  hermetically  closed  tanks,  is  to  operate  for  its  daily 
removal,  and  at  suitable  depdts  to  be  filled  into  barrels,  and  sold  to 
farmers.  He  further  suggested  that,  in  order  not  to  interfere  with 
the  present  water-closet  arrangements,  he  might  limit  the  quantity  of 
water  for  each  flushing  by  a  meter,  or  other  simple  apparatus;  allow 
the  quantity  to  flow  through  pipes  with  valves  at  the  end  of  them ;  a 
number  of  these  pipes  collected  at  a  certain  spot  to  open  into  one 
central  or  sectional  pipe ;  and  these  various  pipes  to  terminate  at  one 
particular  place.     Engines  are  to  work  by  pneumatic  pressure  to  drive 
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together,  at  certain  periods,  all  the  matter,  and  thence,  through  one 
lai^e  pipe,  the  whole  accumulations  to  be  driven  by  pneumatic  pressure 
to  distant  fields.  Mr.  Chapman's  arrangements  he  criticized  as  un- 
workable, owing  to  the  size  and  quantity  of  tanks  he  would  require 
to  manipulate  with,  in  order  to  dispose  of  the  large  volume  of  matter 
flowing  through  them;  and  he  further  objected  to  this  mode  of 
treatment  on  account  of  the  nuisance  it  would  cause  when  decomposi- 
tion is  going  on.  After  criticizing  Mr.  Hoey's  arrangement  as 
unpractical,  the  further  discussion  of  the  subject  was  adjourned  till  the 
next  meeting. 


April  26,  1869. — At  the  closing  meeting  of  this  session  the 
adjourned  discussion  was  opened  by  Mr.  Chaphak.  He  believed  that 
the  cast-iron  pipes  which  Captain  Lieumur^s  plan  requires  would 
soon  be  corroded  and  leave  holes,  rendering  them  useless  for  working 
with  air-pressure.  To  travel  through  the  streets  with  high-pressure 
engines  for  pneumatic  purposes  would  be  a  great  nuisance  to  the 
traffic.  The  expense,  as  estimated  in  Mr.  Krepp's  book,  for  this  plan 
for  plant,  machinery,  dsc.,  is  far  above  the  estimates  for  his  arrange- 
ments; while  the  product,  when  collected,  would  still  remain  bulky  and 
offensive  to  work  with,  if  not  even  detrimental  to  the  health  of  those 
who  have  to  work  it,  unless  it  were  put  in  the  ground  immediately 
afler  being  collected.  He  considered  Captain  Lieumur's  machinery 
for  the  distribution  of  the  product  on  the  fields  as  unpractical 

Mb.  Bego  then  explained  again  the  second  part  of  his  plan,  whereby 
he  drives  the  product  by  pneumatic  pressure  into  the  fields,  on  which 
he  proposed  to  grow  mangel- wurzels  for  sugar-making,  estimating  the 
production  at  50  tons  per  acre. 

Mb.  Hoet  contended  that  it  is  impossible  to  work  Mr.  Begg^s 
system  of  pipes  in  the  manner  described;  the  whole  plan,  therefore, 
is  useless. 

CoUKCiLLOB  Ure  read  a  letter  addressed  to  him  by  Mr.  W.  H. 
Hughan,  Newton-Stewart,  describing  his  patent  to  turn  sewage  into 
manure  by  mixing  it  with  Roman  cement  and  copperas,  and  churning 
it,  which  he  considered  would  fix  all  the  valuable  ingredients  and 
precipitate  them.  After  running  off  the  water,  the  precipitate  will 
remain  as  a  valuable  manure.  He  estimated  that  a  profit  would 
accrue  to  this  city,  were  his  patent  adopted,  to  solve  the  difficulty 
of  the  Sewage  Question.  He  further  stated  that  the  water  thus  nm 
off  is  quite  pure  and  pleasant  to  drink,  and  that  he  and  a  medical 
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frkfod  c^  hu  drmnk  the  vjtter  thas  parified  from  GLi^^^w  aewage. 
The  qiuuititj  g^  aewag^sr  wAter  he  estiiiiAced  as  I.O*>XOm>  giUons  dadij. 

Db.  FncTS  drew  aneucioD  to  the  £ux.  ia  coiLn«cu»:>iL  vith  sewage 
water,  that  it  might  be  modensiTe  to  the  anelL  az^  vet  fall  of  animal 
matter ;  it  might  evm  be  pleaaant  and  oooling.  owing  to  the  presence 
of  nitrates^  and  neTertheleas  be  dangerocu  to  drink — citing  a  case  in 
poinL 

The  proceedings  doeed  with  a  Tote  of  thanks  to  Dr.  Andrew 
Fergoji  for  his  judicious  and  able  oondoct  in  the  chair ;  which  was 
proposed  by  Cooncillor  Ure,  and  heartilj  responded  to  bj  all  present. 

Eidtrmci  from  the  MinuUg. 

The  Committee  of  this  Section  met  in  the  Secretazy's  office  on 
Friday,  the  23d  April,  at  one  o'clock;  and  Mr.  Sig.  Schnman  was 
requested  to  draw  np  the  report  of  the  proceedings  of  this  Section  for 
this  Session,  to  be  read  at  the  meeting  of  the  Philosophical  Society, 
and  to  be  placed  in  the  hands  of  the  Society,  according  to  the 
Society's  roles. 


The  Prhidbbt  oongmtolated  the  Society  on  the  close  of  a  veiy 
sncoessfol  Session,  in  which  a  great  addition  had  been  made  to  the 
roll  of  members.  A  snooession  of  important  and  interesting  papeis  had 
been  brought  forward  at  their  meetings,  and  another  Section — ^that  of 
Sanitary  and  Social  Economy — ^had  been  instituted.  After  pointing 
out  the  advantages  to  be  derived  from  a  union  of  the  Scientific 
Societies  of  Glasgow,  he  mentioned  that  there  was  reason  to  expect 
that  at  an  early  period  several  other  Societies  would  follow  the 
example  of  the  two  which  had  already  joined  the  Philosophical  Society. 
The  President  then  announced  the  close  of  the  Session. 
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DONATIONS  TO  THE  LIBRARY, 
From  1st  May,  1868,  to  30th  April,  1869. 


Tiae.  Donor. 

Report  upon  the  Vital,  Social,  and  Economic  Statistics 

of  Glasgow,  for  1867,  by  Wm.  West  Watson,  F.S.S.,     The  Author. 
Proceedings  of  the  Liverpool  Geological  Society,  for 

1867-68, The  Society. 

Proceedings  of  the  Bath  Natural  History  and  Anti- 
quarian Field  Club.     No.  2.     1868,    ,        ,        ,        .     The  Clitb. 
Authorship  of  the  Practical  Electric  Telegraph  of  Great 

Britain,  by  Rev.  Thomas  Fothergill  Cooke,  M.A.,       .     The  Author, 
Transactions  of  the  Cambridge  Philosophical  Society. 

Vols.   VIL-EX.;  X.,  Parts  1   and  2;    XI.,  Part  1. 

1839-66, The  Society. 

Essai  sur  la  M^taphysique  des  Forces,  par  Alexandre 

Schyanoflf.     1868, The  Aut/ior. 

Review  and  Journal  of  the  Anthropological  Society  of 

London.     Nos.  22-25.     1868-69,  .        ...     The  Society. 

Journal  of  the  Scottish  Meteorological  Society.     New 

Series.    Nos.  18-21.     1868-69, The  Society. 

Proceedings  of  the  Cotteswold  Naturalists*  Field  Club, 

for  1867, The  Gub. 

Memoirs  of  the  Geological  Survey  of  India.    VoL  VI., 

Parts  1  and  2, The  Oovemor-Oeneral  of  India. 

Palseontologia  Indica.     Series  5.     Nos.  1-4, .  .    Ibid. 

Annual  Report,  1867, Ibid. 

Catalogue  of  Meteorites,  &c., Ibid. 

Journal  of  the  Royal  Institution  of  Cornwall.     No.  9. 

April,  1868, The  InstitiUian. 

M^moires  de  la  Soci^t^  des  Sciences  Physiques  et  Natur- 

elles  de  Bordeaux.    Tome  V.,  Cahier  3.     Et  Proces- 

Verbaux,  1867.    Tome  VL,  Cahier  2.     1868,     .        .     The  Society. 
Transactions  of  the  Woolhope  Club,  for  1867,  .     The  Club. 

Proceedings  of  the  Institution  of  Mechanical  Engineers.     The  Institution. 
On  Waves  which  travel  along  with  Ships,  by  W.  J. 

Macquorn  Rankine,  C.E.,  LL.D.,  F.RS.,    .  The  Author. 

Monatsbericht  der  Konig.  Preuss.  Akademie  dcr  Wis- 

senscbaften  zu  Berlin,  Mai,  1868,        ....     Tfie  Academy. 


134  PhUosqphiccU  Society  of  Glasgow. 

Title.  Donor. 

Proceedings  of  the  Royal  Institution  of  Great  Britain. 
Vol.  v.,  Parts  3  and  4.     1868, The  Imtituiion, 

Report  of  the  Leeds  Philosophical  and  Literary  Society, 
for  1867-68, The  Society. 

Smithsonian  Miscellaneous  Collections.   Vol.  L   1862,  .     The  Institution, 

Contributions  to  Knowledge.  Vols.  VII.-X. 

1855-58, Ibid, 

Annual  Report  of  the  Smithsonian  Institution  for  1866,  Ibid, 

Proceedings  of  the  Boston  Society  of  Natural  History. 
Vols.  III.-IX.,  and  XI., The  Society, 

Memoirs  -^— ^— — .    Vol.  I.    Part  3,  Ibid. 

Annual .    No.  1.    1868-69,  Ibid. 

Condition  and  Doings .    May,  1867,  and 

May,  1868, Ibid, 

Transactions  of  the  Academy  of  Science  of  St.  Louis. 
Vols.  land  IL    1856-68, The  Academy. 

Annals  of  the  Lyceum  of  Natural  History  of  New  York. 
Vol.  VIIL     1867, The  Lyceum. 

Transactions  of  the  Institution  of  Engineers  in  Scot- 
land.   Vol.  XL     1868, The  InstitiOum, 

Proceedings  of  the  Bristol  Naturalists'  Society.  Vols. 
I.-III.    1866-68, The  Society. 

Annual  Report  of  the  U.  S.  Commissioner  of  Patents, 
for  the  years  1865-66.     6  Vols.,         .        .  The  Convnienoner, 

An  attempt  to  approximate  to  the  Antiquity  of  Man,  by 
induction  from  well-established  facts,  by  Col.  Sir 
William  Denison.    2d  Edition.    1868,    Mr,  St.  John  Vincent  Day^  C.E. 

Proceedings  of  the  Literary  and  Philosophical  Society 
of  Liverpool.    Nos.  20  and  21.    1866-67, .        ,        ,     The  Society. 

Statistics  of  New  Zealand,  for  1866,      ....    Dr.  Bryce. 

Transactions  of  the  Natural  History  Society  of  Glas- 
gow.    Vol.  L    No.  1.     1868, The  Society. 

Transactions  of  the  Royal  Scottish  Society  of  Arts. 
Vols.  V.-VII.    1864-68, The  Society. 

Reale  Instituto  Lombardo,  Rendiconti.  Classe  di  Let- 
tere,  &c.  Vol.  IV.  1867.  Classe  di  Scienze  Mate- 
matiche,  &c.  Vol.  III.,  Fasc.  10;  and  Vol.  IV. 
1866-67.  Vol.  I.  Series  2.  1868.  Memorie,  Classe 
di  Lettere,  &c.  Vol.  X.,  Fasc.  5  and  6.  Classe  di 
Scienze  Matematiche,  &c.  Vol.  X.,  Fasc.  4  and  5. 
1867, The  ImtUuiion, 

Transactions  of  the  Royal  Society  of  Victoria.  Vol. 
Vm.    1868, The  Society. 

Journal  of  the  Royal  Dublin  Society.    No.  37.     1868,  .     The  Society. 
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TVeatieea  oo  Light,  Colour,  «c.,  by  J,  F.  Jencken,  M.D., 

tnuiBlated  by  H.  D.  Jencken,  M.RI.     Vol  I.    1869,     The  Author. 
Journal  of  the  Royal  ArchEeological  lastitute.    Nofl. 

21-96;  also  Wincheater,  Norwich,  LiDcoln,  Oxford, 

and  York  Volnmea, The  Irali/iUe. 

Proceedings  of  the  Royal  Society  of  Edinburgh.    Vol. 

VI.    No.  74.     1867-68, The  SodOy. 

Transactions  of  the  Rotsnical  Society  of  Edinburgb. 

Vol.  VS..    Part  2.    1868, The  Soeietg. 

M^moires  pour  serrir  W  la  Connaissance  dos  Crinoidet 

Vivanta,  par  Dr.  M.  Sars The  Author. 

Forhandlinger  Videnskabs-Selsltabet  i  Christiania  aar 

1867 The  Univernty  of  Chrittiania. 

Plates  and  Notes  relating  to  some  Special  Features  in 

Stractnres  called  Pyramids,  by  St.  John   Vincent 

Day,  C.E.     1869, Tlie  Auihor. 

Proceedings  of  the  Royal  Physical  Society  of  Edinburgh. 

Vols.  I.-ia     1864-66, The  Soeietj/. 

Bulletins  da  I'Acad^mie  Boyale  de  Belgiqae.    Tomes 

XXV.  and  XXVI.    1868, The  Academy. 

Annuaire ■ ,    1869,  Ibid. 

Anuales  M^t^orologiques  de  rObservatoiro  Royal  de 

Bnutclles,  par  A.  Quetelot.    2  Vola.    1867-68, .        .     The  AtOhor. 
Abridgments  of  all  Specifications  of  Patented  Inven- 
tions.   44  Vols.,    ....        The  Commietionert  of  Patentt. 
Transactions  of  the  Geological  Society  of  QIasgow. 

Vol.  m.    Part  1.     1869, The  Sodety. 

Journal  of  the  Bombay  Branch  of  the  Royal  Asiatic 

Society.     Vol  IX.    No.  25.     1869,  ....     The  Sodety. 
Bulletin  Mensuel    de  la  Socidtd  Cbimique  de  Paris. 

Tomes  IX.  and  X.    Parts  2  and  3.     1868-69,     .        .     The  Society. 
Journal  of  the  Chemical  Society.    May,  1868 — April, 

1869, The  Society. 

The  Practical  Mechanic's  Journal.    May,  1668 — April, 

1869, The  Editor. 

Journal  of  the  Society  of  ArU.     May,  1868— April,  1869,     The  Sodety. 
Journal  of  the  Pharmaceutical  Society,    February — 

April,  1869, The  Sodety. 

The  Chemical  News.    No.  471,  to  date,         .        .        .     The  Editor. 
Scientific  Opinion,    No.  1,  to  date,        ....  Ibid. 

Statistical  Notes  on  the  Progress  of  Victoria.    First 

Series.    Parte  1  and  2.    1860,      .        The  Regietrar-Oeneral,  Mdbourne. 

lationtoAgricttltureandLiveStock.  7Voh.  1661-67,  Tbid. 
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Statistical  Register  of  Victoria.     1854, .  Tht  Registrar-  General,  Melbourne. 

Statistics  of  Victoria  for  1867.     Parts  1-4.     1868,  Ibid. 

Statistical  Summary  of  the  Progress  of  Victoria  to  the 
year  1865,  and  Sheet  prepared  for  the  Dablin  Inter- 
national Exhibition  of  1865, Ibid. 

Verhandclingen  der  Kon.  Akad.  van  Wetenschappen. 
Vols.  IV.  and  XL  1858-68.  Verslagcn  en  Mededee- 
lingen.  Afd.  Letterk.  Vol.  XI.    1868,    The  Royal  Academy,  AmstenJam. 

Afd.  Natuurk.     Vol.  II.     2d  Series.     1868.    Jaarboek 

voor  1867.    Catalogus  van  de  Boekerij.     1868,  Ibid. 
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I. — Opminff  Addreit  by  James  Bktce,  M.A.,  LL.D.,  F.O.S.,  the 
Pkebidimt. 


NoTNnW  3,  1869. 

The  Fresidekt'b  addreBs  was  chiefly  deroted  to  ui  acconnt  of  the 
life  and  labours  of  the  l&te  Mr.  Thomaa  Graham,  Master  of  the 
Mist,  with  notices  of  deceased  members  of  the  Societj.  The  follow- 
ing ia  an  outline : — 

After  making  some  preliminary  obserrstiatis  in  regard  to  the 
progress  of  the  Society  during  the  last  aesaion,  and  the  programme 
of  the  Council  for  that  now  opening,  the  President  went  on  to  give 
an  account  of  the  leading  events  in  the  lives  of  several  members, 
whose  loss  by  death  during  the  past  year  the  Society  had  to 
deplore. 

I  place  first  on  this  sad  roll  the  name  of  one  of  the  moet  noble- 
hearted  and  most  gifted  of  Scotland's  many  gifted  sons — a  name  of 
which  this  city,  and  all  the  Institutions  with  which  it  is  associated 
— indeed,  this  whole  nation — has  good  reason  to  feel  proud — ^the  name 
of  Thomas  Graham,  late  Master  of  the  Mint,  whose  mortal  remains 
were  accompanied  to  their  last  resting-place,  in  the  grounds  of  our 
High  Church,  about  five  weeks  since,  by  many  gentlemen  whom  I 
now  see  around  me.  Mr.  Graham  had  for  several  years  been  in  the 
habit  of  going  down  from  London  to  Malvern  from  time  to  time,  for 
bracing  air  and  change  of  scene.  A  visit  with  this  object  was 
made  early  in  September  last,  and  was  so  mnch  profited  by,  that 
he  determined  to  take  the  journey  to  Glasgow,  where  it  was  usual 
for  bim  to  spend  a  portion  of  every  autumn  among  his  relatives, 
and  then  to  reside  on  his  estate  in  Stirlingshire.    Rataraing  from  a 
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long  wmlk,  heated  and  fiitigned.  he  thre^  himself  on  a  conch,  and  fell 
asleep,  haTing  nnfortnnatel  j  omitted  to  shut  down  an  open  window. 
A  severe  chill  was  the  resolt,  ending  in  inflammation  of  the  lungs. 
Next  morning  he  hurried  back  to  London,  had  the  best  advice  and 
care  at  once^  and  the  disease  was  completely  got  under.  Bat  being 
of  slight  firame,  and  spare  hal»t.  he  had  little  strength  to  draw 
npon,  and  sank  from  the  weakness  following  the  sharp  treatment. 
He  died  in  his  sixtj-fonrth  rear. 

Thomas  Graham  was  bom  in  Glai^ow.  on  21st  Deconber,  1805. 
His  father  was  a  marnifactnrer  of  light  £ibrics.  adapted  to  the 
climate  of  the  West  Indies,  to  which  he  exported  them  direct.  He 
had  been  snccessfol  in  this  enterprise,  and  was  then  carrying  on  a 
proaperoos  business,  thoogh  as  yet  he  coold  not  be  called  a  rich 
man.  He  had  fonr  other  sons,  and  two  danghters— one  of  whom  is 
the  wife  of  oar  respected  townsman,  and  former  Treasarer  of  this 
Society,  Mr.  James  Beid,  biknker,  and  the  only  sarviring  member  of 
the  £ftmily. 

Thomas  Graham  received  his  early  education  at  the  preparatory 
school  of  Dr.  Angus,  who  long  enjoyed  a  high  reputation  in  the  West 
of  Scotland  as  a  teacher  of  English.  In  1 81 4  he  entered  the  Grammar 
School,  since  called  the  High  School,  and  received  his  classical 
education  under  Dr.  Dymock  and  Dr.  Chrystal.  In  his  course  of  five 
years  he  often  gained  distinction  in  the  classes,  being  noted  for 
cleverness,  industry,  and  proficiency.  In  1819  he  passed  on  in  due 
course  to  the  University,  and  went  through  the  complete  curriculum,  at 
the  close  of  which  he  proceeded  to  the  degree  of  A.M.  This  was  pro- 
bably taken  in  view  of  his  father  having  destined  him  for  the  church. 
Two  of  his  uncles  had  good  livings  in  the  established  church,  and  the 
family  had  such  interest  as  would  have  insured  a  presentation  for 
young  Graham;  but  he  steadfs^tly  resisted  argument  and  importunity, 
determined,  he  declared,  to  give  himself  to  chemistry.  He  had 
conceived  a  passion  for  this  delightful  science,  for  the  origin  of 
which,  as  in  the  case  of  Faraday,  it  is  very  difficult  to  account.  At 
home  he  carried  on  many  experiments,  and,  like  all  young  chemists, 
often  with  the  most  simple  improvised  apparatus.  Some  pieces  of  this 
have  been  preserved  by  his  relatives,  and  introduced  with  good  effect 
into  a  late  photograph  of  the  philosopher.  It  was  fortunate  that 
he  chose  this  walk.  He  had  no  gifts  for  the  ministry ;  and  had  he 
adopted  it,  he  would  not  have  been  happy — ^he  would  have  missed 
that  repose,  peace,  and  enjoyment,  which  his  whole  life  manifests, 
and  that  immortal  name  by  which  he  is  for  ever  associated  with 
the  course  of  scientific  discovery.     Mr.  Graham's  chemical  education 
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wM  carried  on  at  Gla^ow  University,  under  the  late  Dr.  Thomas 
Thomson,  iroin  whom  he  received  that  attention  and  kind  encourage- 
ment bestowed  upon  all  students  who  took  an  interest  in  the  work 
of  his  class,  and  of  which  I  myself  cherish  a  most  grateful  re- 
collection. He  went  afterwards  to  Edinburgh  and  studied  under 
Dr.  Hope,  returning  again  to  Glasgow  in  1827. 

To  those  who  know  something  regarding  the  great  objects  of 
chemical  research,  it  will  be  obvious  how  necessary  is  not  only  the 
mental  culture  and  discipline  which  mathematics  of  all  studies  is 
best  fitted  to  give,  but  also  a  high  amount  of  attainment  in  mathe- 
matical analysis.  Dalton  was  an  able  mathematician,  and,  like  him, 
Mr.  Graham  was  well  versed  in  this  science.  Like  Dalton,  too,  he 
was  for  some  time  a  teacher  of  mathematics.  Wishing  apparently 
to  do  eomething  towards  maintaining  himself,  as  he  had  adopted  hia 
profession  in  opposition  to  his  father's  wishes,  he  opened  private 
classes  for  teaching  mathematics,  under  the  patronage  of  Dr.  Meikle- 
ham,  the  Professor  of  Natural  Philosophy.  But  his  devotion  to  his 
favourite  study  soon  led  him  to  abandon  this  pursuit,  and  to  open  a 
private  laboratory  in  North  Portland  Street  for  instruction  in 
chemistry  and  peribrming  of  analyses.  In  1829  he  was  appointed 
Lecturer  on  Chemistry  to  the  Mechanics'  Institution,  and  in  1830 
became  successor  to  Dr.  Ure  as  Professor  in  Anderson's  University, 
Here  he  continued  for  seven  years,  teaching  chemistry  with  eminent 
success,  and  conducting  the  laboratory,  which  has  always  been  an 
important  object  in  that  excellent  institution.  Occasionally  he 
delivered  lectures  on  chemistry  to  ladies,  which  were  well  attended 
— not  the  only  instance  in  which  Glasgow  has  anticipated  the  great 
movement  of  the  present  time.  It  was  during  this  period  that  Ur. 
Graham  took  an  active  part  in  the  proceedings  of  our  Society,  and 
was  for  several  years  Vice-President — Dr.  Thomson  being  President 
for  life.  To  the  same  period  belong  many  of  his  papers,  to  which  I 
■hall  again  refer  in  my  estimate  of  his  labours.  Two  were  of  special 
importance,  placed  him  in  the  first  rank  of  European  chemists,  and 
led  to  the  bestowal  upon  him  of  two  medals,  the  "  Keith  Medal "  of 
the  Boyal  Society  of  Edinburgh  in  1834,  and  the  "Royal  Medal"  of 
the  Royal  Society  of  London  in  1838,  for  researches  made  two  years 
before.  In  1837  he  was  appointed  to  the  Chair  of  Chemistry  in 
University  College,  London.  This  he  held  for  eighteen  years, 
prosecuting  his  important  chemical  researches  with  untiring  industry 
and  distinguished  success.  For  several  years  at  this  period  he  had 
constantly  at  his  right  hand  an  honoured  fiiend,  in  whom  his  chief 
confidence  was  placed.    James  Young,  now  of  Kelly,  his  assistant 
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in  Glasgow,  removed  with  him  to  London,  and  under  this  great 
master  of  new  methods  and  original  research  attained  that  power  of 
grasping  principles  which  enabled  him,  while  amassing  a  colossal 
fortune,  to  open  up  the  prospect  to  us  of  utilizing  for  centuries  to 
come  the  refuse  heaps  of  our  coal  pits  and  iron  mines,  when  the 
existence  of  our  coal  and  ironstone  shall  be  but  traditions  of  the  past. 

Placed  now  at  the  centre  of  scientific  activity  where  his  merits 
were  thoroughly  appreciated,  Graham  found  honours  and  emolu- 
ments flowing  in  upon  him,  unsought.  He  was  elected  a  corre- 
sponding member  of  the  French  Academy,  and  a  member  of  all  the 
most  important  foreign  Societies.  The  office  of  Joint  Assayer  to  the 
Mint  was  conferred  upon  him,  which  added  considerably  to  his  fixed 
income,  and  he  was  frequently  employed  by  the  Bank  of  England  to 
make  assays.  As  an  analytical  chemist,  he  could  have  realized  a 
very  large  income.  Mr.  Faraday,  Dr.  Tyndal  assures  tis,  could  have 
made  £5,000  a  year  in  this  way,  but  chose  to  remain  a  poor  man  that 
he  might  have  leisure  to  pursue  original  research.  Mr.  Graham  also, 
in  most  cases,  declined.  On  one  occasion  a  great  brewing  house 
applied  to  him  to  analyze  their  beer,  in  regard  to  which  a  panic 
pervaded  the  pubUc  mind,  that  it  contained  strychnine.  Mr.  Graham 
declined  on  the  ground  of  time,  that  he  did  not  wish  for  such  work, 
and,  to  keep  it  from  coming  to  him,  had  made  up  his  mind  to  charge 
for  an  analysis  a  fee  of  £100.  Next  morning  he  received  a  cheque 
for  £200,  with  an  earnest  appeal  to  do  an  act  of  justice  and  allay  the 
panic.  This  appeal  he  could  not  resist.  He  called  in  Dr.  Hofmann, 
of  the  College  of  Chemistry,  gave  him  half  the  fee,  and  the  analysis 
was  soon  made  widely  known.  Yet  it  was  several  years  before  the 
sales  reached  the  old  figure.  Independently  altogether  of  the 
analysis,  it  was  shewn  how  senseless  and  absurd  was  the  panic. 
Eve?  part  of  the  process  is  carried  on  in  the  most  open  m^. 
rendering  fraud  and  concealment  impossible.  The  quantity  made 
yearly  would  require  16,448  oz.  of  strychnine  to  give  the  bitter 
flavour,  the  cost  of  which  would  be  £13,158;  while  at  the  time  not 
more  than  1,000  oz.  were  made  all  the  world  over.  Besides,  the 
flavour  given  by  strychnine  is  peculiar,  and  quite  unlike  that  of  the 
beer  in  question  (Jourtud  of  Chemical  Society,  vol.  v.,  1853). 

In  1841  he  united  with  a  few  other  chemists  in  forming  the 
Chemical  Society  of  London,  now  a  great  and  prosperous  body. 
He  was  chosen  its  first  President.  In  1842  he  published  a  treatise  on 
Inorganic  Chemistry — an  admirable  outline  of  that  part  of  the  science 
— which  has  held  its  place  well,  and  passed  through  several  editions. 

During  Mr.  Graham's  occupancy  of  the  chair  of  chemistry  his  father 
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died  suddenly  without  a  vill,  and  he  became  heir  to  an  estate  in 
Stirlingshire  and  a  very  considerable  amount  of  other  property. 
This  latter  he  divided  among  a  fev  near  relatives,  and  retained  only 
the  landed  property — an  honourable  example  of  disinterestedness,  in 
keeping  with  the  noble  generosity  and  unselfishness  of  Mb  whole  life. 
As  Mr.  Graham  was  never  married,  this  property  is  inherited  by  the 
son  of  one  of  his  brothers.  In  1855,  on  the  retirement  of  Sir  John 
Herschel,  Mr.  Graham  wan  appointed  Master  of  the  Mint.  Thus 
for  the  second  time  this  important  office,  to  which  a  salary  of  XI, 500 
per  annum  is  attached,  was  bestowed  for  eminent  scientific  attain- 
ments, and  not  for  political  services.  It  is  greatly  to  be  desired  that 
this  principle  should  always  rule  the  appointment;  and  not  only  that 
such  an  office  should  be  maintained,  and  reserved  as  a  reward  for 
labours  which  do  not  pay  of  themselves,  but  that  mas;  such  existed 
among  us,  as  they  do  in  other  countries  more  democratic  than  our 
own.  Such  public  recoguition  of  services  of  this  kind  would  be  the 
best  investment  the  nation  could  make  of  a  few  thousands  yearly. 

The  duties  of  the  Master  being  comparatively  light,  and  mostly 
dischargeable  by  deputy,  Mr.  Graham  had  now  more  leisure,  and 
freedom  from  distraction,  than  he  bad  ever  before  enjoyed,  and  he 
was  not  slow  to  profit  by  it.  He  pursued  hia  inquiries  with  unremit- 
ting ardour  for  fourteen  years,and  had  the  good  fortune,  three  months 
before  his  death,  to  elaborate  the  series  of  experintents  which  finally 
established  one  of  the  most  brilliant  discoveries  in  the  records  of 
science. 

There  Is  great  interest,  in  a  psychological  point  of  view,  in  trying 
to  discover  the  ciroumstances  which  have  determined  great  men 
towards  a  particular  line  of  study  or  scientific  research.  But  there 
is  great  difficulty  also  in  the  inquiry.  The  men  are  not  great  at  first 
— and  no  one  probably  thinks  of  observing.  The  men  themselves 
either  do  not  know,  or,  from  various  motives,  leave  no  record,  and 
the  early  circumstances  are  forgotten.  Faraday  says,  regarding 
himself,  as  Dr.  Tyndal  tells  us,  that  lie  found  the  beginning  of 
his  philosophy  in  the  books  he  was  binding  during  the  day,  by 
reading  them  in  the  hours  after  work.  Two  especially  helped 
him — the  Encyclopadia  Britanniea,  from  which  he  gained  his  first 
notions  of  electricity,  and  Mrs.  Marcet's  G&noeraatumt  on  GhemUlTy, 
which  gave  liifi  his  foundation  in  that  science.  "  I  was  not  a  deep 
thinker  nor  precocious.  I  was  very  lively  and  imaginative,  and 
could  believe  in  the  Arabian  Ifighta  as  easily  as  in  the  Encychpadia; 
but  &cta  were  important  to  me,  and  saved  me."  {FartLdaj/  as  a 
JHaeovenr,  by  Dr.  Tyndal,  page  3.) 
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This  is  interestmg  and  important;  bat  it  does  not  go  far  enough 
back.  One  would  like  to  know  from  Faraday  why  he  read  these 
books  after  his  day's  work  was  done,  and  how  they  did  for  him  what 
they  did  not  do  for  others.  He  did  not  know  probably,  and  perhaps 
few  men  do  know.  There  seems,  indeed,  to  be  an  inherent,  con- 
stitutional difference, — ^that  this  seizes  upon  outward  circumstanoes 
in  harmony  with  the  tone  within ;  these  again  react  upon  the  mind 
as  appropriate  food;  the  £Eunilty  and  taste  are  developed;  and  when 
coupled  with  a  high,  imaginative,  or  inventive  £Eunilty,  and  a  power 
of  close  accurate  perception,  give  us  a  great  scientific  genius.  If  I 
might  venture  a  conjecture  in  Graham's  case,  in  the  absence  of  all 
tradition  in  r^ard  to  a  determining  cause,  I  would  suggest,  as  probable, 
the  surroundings  in  his  chemical  education.  Thomson  was  busy  in 
his  laboratory  with  a  complete  overhaul  of  Dalton's  Atomic  Theory y 
and  determination  of  all  the  combining  proportions  to  a  new  unit. 
This  led  naturally  to  the  study  of  molecular  philosophy,  the  proper- 
ties, the  play,  the  forces  of  atoms.  Doubtless,  in  Graham's  mind,  as 
originally  constituted,  there  was  some  determining  habitude  which 
fell  in  with  this,  and  was  nourished  by  it;  and  thus  may  have  been 
formed  that  style  of  philosophizing  which  runs  through  most  of 
his  chemical  work.  For  carrying  on  such  work,  indeed,  his  mind 
was  singularly  fitted.  He  was  patient,  calm,  sagacious — ^yet  with  a 
lively  imaginative  flEunilty,  which  could  see  a  great  truth  far  off, 
looming  out  from  complex  relations  and  interactions,  and  could  trace 
the  development  of  Law  and  Order  where  a  mind  not  thus  constituted 
would  have  been  lost  in  details.  Mr.  Graham  was  indeed  almost  an 
impersonation  of  calm  philosophy  and  pure  reason,  free  from  passion 
and  prejudice,  the  intellect  and  moral  sense  ruling  supreme.  He  was  a 
man  of  simple,  retiring  character,  neither  self-asserting  nor  self-magni- 
fying. He  never  courted  applause  or  cared  for  a  popular  reputation. 
He  never  sought  to  gather  about  him  a  group  of  worshippers,  who 
should  sit  at  his  feet,  and  go  abroad  to  proclaim  his  doctrines.  He 
pursued  apart,  in  the  calm  repose  of  a  contented  life,  an  unbroken 
series  of  philosophic  inquiries;  the  results  of  which  were  sent  forth, 
from  time  to  time,  upon  the  world  of  science,  to  make  their  own  way 
as  they  might.  His  papers,  almost  from  the  very  first,  when  he  was 
between  his  twenty-first  and  twenty-fifth  years,  are  a  model  of 
clear  statement,  in  terse  and  suitable  language,  with  now  and  then  a 
flap(hing-out,  in  a  few  eloquent  words,  of  the  great  imaginative  fire 
within,  whose  warmth  sustained  all  this  energy  of  work,  and  yet, 
alas,  consumed  the  frail  tenement  which  held  it! 

I  shall  now  notice  briefly  the  leading  researches  and  discoveries 
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of  Mr.  Qrah&m.  Hia  first  paper  was  written  when  lie  was  twenty- 
one  years  of  age.  It  ia  on  the  "Absorption  of  Gases  by  Liquids,"  and 
appeared  both  in  the  Seott  Mechtmi^t  Magazine  and  in  the  Annais 
i^Philotophy  for  July,  1826,  (vol.  xxviii.,  or  N.  8.,  vol.  xii.)  He 
endeavours  to  shew  that,  in  cases  of  such  absorption,  the  gas  passes 
into  the  liquid  form,  and  that  those  gases  are  most  absorbable  which 
are  most  easily  reduced  by  pressure  or  great  oold  into  the  liquid  form. 
Doubtless,  Faraday's  great  discovery  of  the  liquefaction  of  gases, 
made  three  years  before,  hod  suggested  the  train  of  thought  and 
experiment.  It  is  not  a  little  remarkable  that  this  view  of  gases 
being  liquefied  on  absorption,  and  not  merely  passing  into  the  pores, 
made  forty  years  ago  by  a  young  man  of  twenty-one,  in  his  first 
paper,  should  now  be  completely  confirmed,  and  have  become  a 
recognized  principle  in  chemical  philosophy.'  During  the  four 
years  following,  Mr.  Graham's  papers  treat  of  jnany  subjects: — 
"  The  Heat  of  Friction,"  a  groping  in  the  dark  after  a  great  truth 
{Afi.  Phil.,xii.,  page  260);  "The  Production  of  Alcohol  in  the  course 
of  the  Fermentation  of  Bread  in  Baking "  (same  vol.,  page  363) ; 
"On  the  Influenoe  of  the  Air  in  detenniniiig  the  Crystallization 
of  Saline  Solutions;"  "An  Account  of  the  Formation  of  Alco- 
atee,  definite  Compounds  of  Salts  and  Alcohol,  analogous  to 
the  Hydrates,"  read  to  the  Boyal  Soc.,  Edinburgh,  December 
17th,  1827  {TransaeUotu,  vol.  xi.,  pages  111,  176);  "The  Action 
of  Aninml  Charcoal  on  various  Solutions" — its  action  on  colour- 
ing matter  being  only  known  before  {Quarterly  Journal  qf  Science, 
vol.  viL,  N.  S.,  page  120,  1830);  "On  the  Oxidation  of  Phosphorus," 
more  or  less  rapid,  according  to  the  medium  it  is  placed  in  (Quor- 
teiij/  JtAimai,vol.vi.,  K.  S.,  page  83);  "On  the  Absorption  of  Carbonic 
Add  through  the  Pores  of  a  Moist  Bladder,  partly  filled  with  an- 
other Gas  "  (same  vol.,  page  88) ;  a  series  of  short  artiolee,  entitled 
"Chemical  Observations"  (same  vol.,  page  354);  "On  Platinum, 
applied  to  Eudiometry ; "  "On  Crystallization  of  Barley-sugar;"  "On 
Detection  of  Arsenic;"  "On  Chrome  Orange." 

Of  the  same  date  as  several  of  these,  and  published  in  the  same 
volume  with  them,  there  is  "A  Short  Actxiunt  of  Experimental  Re- 

*  The  peculiar  rekliona  in  which  gaaea  uid  liquids  etaud  to  one  another  have 
been  finally  ettabliahed  by  an  admirably  Incid  and  conclntive  memoir,  jtitt 
published — the  Baixrian  Lecture  for  1869,  read  to  tlie  Royal  Society  of  X.ondon, 
Joae  17tb,  by  Dr.  Andwwi,  V.  P.  of  Queon'a  Collese,  Belfut  It  is  there 
■bewn  that  the  gaseotu  Mid  liqnid  forma  of  matter  may  be  traiufonDed  into  one 
waothar  hj  t  aentt  td  MiAivkt»  phj/akal  changei-'tiiie  gu  ind  the  liquid  beinj; 
only  di«tut  ttagta  i^tper/t^  coatiaium*  preetu. 
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searches  on  the  Diffusion  of  Gases  through  each  other,  and  their 
Separation  by  Mechanical  Means"  {Qitarterli/  JawmcU  qf  Science^ 
Yol.  viy  N.  S.,  page  74) ;  closing  with  the  suggestion  of  a  law,  but 
reserving  the  subject  for  further  inquiry.  He  was  now  a  Fellow  of 
the  Boyal  Society  of  Edinburgh,  having  been  elected  in  1828;  and  to 
this  Society,  having  extended  his  experiments  and  matured  his  views 
by  two  years'  further  research,  he  submitted  his  completed  paper  on  the 
subject,  on  the  17th  of  December,  1831,  being  then  in  his  twenty-sixth 
year.  It  is  in  every  way  a  masterly  production,  whether  we  regard 
the  logical  form,  the  experimental  skill,  the  mathematical  develop- 
ment of  a  law,  or  the  establishment  of  a  great  truth  in  physical 
science.  Its  publication  placed  the  author  at  once  in  the  first  rank 
among  European  chemists.  Soon  after,  the  Royal  Society  of  Edin- 
burgh bestowed  upon  him  the  Keith  Medal,  the  highest  distinction 
in  their  power  to  ^nfer.  Mr.  Graham  shewed  that  the  same  Tolume 
of  different  gases  escaped  in  times  which  are  very  unequal,  and 
depend  on  the  density  or  specific  gravity  of  the  gases — ^light  gasea 
difiuse  more  readily,  heavy  gases  more  slowly.  If  we  have  hydrogen 
on  one  side  of  a  screen  or  diaphragm,  with  pores  or  apertures  perfectly 
insensible,  and  air  on  the  other  side,  an  interchange  takes  place, — one 
measure  of  air  is  exchanged  for  3Ath  measures  of  hydrogen,  and  the 
interchange  continues  to  go  on  rapidly  till  the  gases  are  in  a  state  of 
uniform  mixture.  These  volumes,  1  and  3iSths,  are  the  "Diffkuion 
Volumea"  of  these  two  gases;  and  he  ascertained  the  numerical  pro« 
portions  of  such  volumes  for  all  gases.  They  are  plainly  measures  of 
the  force  of  diffusion,  and  represent  the  molecular  energy  of  each  gas; 
and  he  demonstrated  that  this  force  is  inversely  as  the  square  roots 
of  the  densities  of  the  gases.  If  two  equal  receivers  be  filled,  one  with 
oxygen  and  the  other  with  hydrogen,  and  separated  by  a  porous  mem*^ 
brane,  or  plug  of  stucco,  diffusion  begins;  and  for  every  one  part  of 
oxygen  which  passes  into  the  hydrogen,ybttr  parts  of  hyLogen  pass  into 
the  oxygen.  Now,  the  density  of  hydrogen  being  1,  that  of  oxygen 
is  16,  and  the  force  of  diffusion  is  4  to  1,  or  four  times  greater  for  the 
gas  of  less  density.  This  force,  he  shewed,  resides  in  the  ultimate 
particles :  it  is  a  property  of  these,  and  not  of  masses  or  volumes 
of  the  gases,  and  is  therefore  not  the  result  of  accident,  but  of  an 
inherent  force  in  the  ultimate  molecules  of  all  matter  in  the  gaseous 
form.  This  is  fully  established  by  the  fsict  that  inequality  of  density 
is  not  necessary  to  diffusion, — two  gases  of  the  same  density  will 
diffuse  into  one  another,  the  rates  being  of  course  in  this  case  equal. 
The  same  principle  is  applicable  to  the  separation  of  mixed  gases, 
by  bringing  the  mixture  into  connection  with  a  confined  gaseous 
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atmosphere.  Tiaa  is,  in  &ct,  only  &  continoation  of  the  process; 
the  moat  didoBive  gas  passes  erwaj  in  the  greatest  proportion;  and 
hj  continuing  the  process,  this  gas  can  soon  be  had  in  a  separate 
form — the  atmosphere  into  vhich  the  difiusion  is  effected  being  of 
such  a  kind  as  may  afterwards  be  condenaed,  or  absorbed  with  facility 
(Trans.,  R.  8.,  E.,  vol.  xii.,  page  222)^ 

The  papers  of  Mr.  Graham,  which  appeared  after  these,  in  the 
Tntntaetioni  of  the  Royat  Society,  Ediitburgh  (vol.  xiii.,  xiv.), 
and  other  joomalB,  "  On  Fhoaphorated  Hydrogen,"  "  Water  as  a 
Constituent  of  Baits"  (December  1,  1834,  January  5,  1835),  "On 
the  Arseniatea  and  Phosphates,"  fully  maintained  the  high  reputa- 
tion of  their  author.  They  gave  ext«nsion  and  precision  to  chemical 
theory  on  many  important  subjects,  though  not  possessing  that 
brillianoy  which  marks  so  many  of  his  papers. 

T&T.  Graham  was  elected  a  Fellow  of  the  Royal  Society  in  1836 
(December  15),  and  to  its  TransiKtiona  for  that  year  he  contributed  a 
paper  "  On  the  Constitution  of  Salts,  Oxalates,  Nitrates,  Phosphates, 
Sulphates,  and  Chlorides,"  which  was  deemed  so  important  an 
addition  to  Chemical  Science,  that  the  Royal  Medal  was  bestowed 
upon  him  in  1838.  Having  permanently  removed  to  London  in 
1837,  his  papers  are  now  mostly  contributed  to  the  Royal  Society. 

The  great  subject  peculiarly  his  own  was  first  resumed  by  him, 
and  I  may  say  completed,  with  the  same  mastery  over  details,  the 
same  wide  and  searching  experiments,  and  the  like  development  of 
law  which  had  marked  his  former  paper.  The  motions  of  gases 
were  now  treated  under  the  two  remaining  heads  of  "  Effusion  into 
a  Vacuum,"  or  the  passage  through  fine  apertures  in  plates,  and 
"Transpiration,"  or  the  passage  into  a  vactium  along  capillary  tubes. 
The  Effusion  followed  the  same  law  as  the  Diffusion  already  stated ; 
while  the  Transpiration  rates  have  no  relation  to  the  density.  The 
rate  of  oxygen  is  less  than  that  of  any  other  gas ;  and  while  the  rates 
of  some  are  directly  as  the  density,  others  do  not  follow  this  law, — 
all  transpire  more  rapidly  the  higher  the  pressure ;  to  this,  Effusion 
has  no  relation. 

It  was  for  these  Researches  on  Oases  that  the  Royal  Medal 
was  conferred  upon  Mr.  Graham,  in  1850,  by  the  Council  of  the 
Royal  Society. 

Mr.  Graham's  public  position  in  London  naturally  led  to  his 
frequent  employment  by  the  Government  and  public  bodies,  to 
draw  up  special  reports  on  various  subjects.  These  are  as 
follows  : — "  On  the  Cause  of  the  Fire  in  the  Steamer  '  Amazon,* " 
to  the  Privy  Council,  in  Jour,  of  Chem.  Soc.,  vol.  v.,  1853,  page  34; 


•  i.tiif^uj^u.u    c*iKi3t    f    'jiarj-'. 


!.•       i»      ••  r-5»*     "':  I'j  -'     »      u.   .10 . . 


f.    ,.••      r.ii      J 
!•      *•■.■.*■ 


•     : »"  I  •   • 


.'f' 


'  -^     J 


i  *!' 


'«t 


t  • 


■\ 


•»   I ' 


_i! 


-...'•• 


-i.- 


••  "• .  i" 


'.•  / 


<      ,  . ..        •         ' 


11..        1^..  .  > 


•  •  •        _^1 

■    .    *     ft.     «  »T 


'.  •  '  "     .  «... 


.  L.  ^   *  . 


~-       -i*-l 


■•      *?-!■.. 


*-— ' 


.1....  i  . 


a  *   aAAM^a 


l'^ 


•    .      »  .   •         •• 


.:t-i    -..2    _:     :r  -u    ;i? 


t « -  -         h.— . 


•«  \  fc  •  •  «.*. 


I.  ■'.:..•-..       .  •    .1.  •         X*.-    •■ —        ...  .         «l..   .».-.    ■  «l-f'»l. 

'•..»i.!i!.i- •     -■:.••    ..!r.i:t-:r*ii>t.     •»  I'l    ■•-.^ ..^     ■ — :     ::. :"■.%';! —i    11 


1 1 . .t  •!  i 


t     > 


ii'«,i:i      1,  -1   :• 


i«. 


i»  •      .  'i-uii.n 


•Iz-M'.!"-     "lit-     -..111*      •   »'    — ^     il      lli-UlC;         i^llL     ^f -L 


'.■■V    ill-    1  •n    .i.£  :ii   I',   '.:»•   :;i  "  ••■"^    »"  "_i"   -'iru';»-»i   n:  ^*u  i.ia?»  i*iri 


*. •  •,« 


•'  i     :i  V  .      V  l.,-.'l.     V  l_i-    M-'     i."*     2'       *'^T     :'l.*M.ilir    IJi;     -i;-":-*"- 


p  » 


■  J 


t 


•  !4      » 


•         "  • 


■..■•i>'     .••»■:    '•    ■  ,'•      V  U'  "»:ir    ■■-'.•:    .-.i.rU-i.;. '    ;•:*::••:":.';  ■■: 


.:s 


%'  t  J 


•  •  • . 


i-'i 


.  I  .^  ».  _' 


•« 


— '•  t  *  I  •  -- «  ?  I  -.-."'-.  . 


>«  < » 


.'     .    1  • .     !^   :  ^  u-  .  ^       1.  _■  .     —  .  -I      t_^2i  i      k  .     « .^V 


pBSSiDzm's  Addreat.  147 

been  masked  and  complicated  by  being  looted  at  in  cotmectioa  with 
EndosmoBe,  where  the  imbibing  power  of  a  membrane  comes  into 
play.  For  the  Bakerian  Lecture  of  1850  he  chose  this  subject. 
The  nature  of  the  inquiry  is  best  understood  from  a  simple  experi- 
ment : — Into  t^e  bottom  of  a  glass  cylinder,  filled  with  wftter,  intro- 
duce, by  means  of  a  pipette,  a  mixed  solution  of  salts — say  common 
salt  and  muriate  of  potash — which  can  quite  well  be  done  without 
disturbing  the  water.  The  two  salts  immediately  begin  to  rise 
through  the  water,  but  at  unequal  rates,  and  after  several  days 
there  will  be  a  tolerably  complete  eepantion, — bo  that  if  water  be 
drawn  off  at  different  levels,  it  will  be  found  to  contain  very 
different  quantities  of  the  two  salts.  The  one  diffuses  more  rapidly 
than  the  other ;  and  if  time  be  given,  the  separation  of  the  two  will 
be  complete. 

In  the  course  of  hia  exhaustive  inquiry,  Mr.  Graham  developed 
nuuij  beautiful  laws,  which  place  Liquid  Diffusion  in  the  closest 
possible  relation  to  Gaseous  Diffusion, — a  relation  "reaching  down 
to  the  very  basis  of  molecular  chemistry,"  We  deal  no  longer  with 
the  atoms  of  Dalton,  but  with  masses  more  simply  related  in  weight. 
We  may  suppose  that  these  atoms,  which  are  the  true  combining 
proportions  in  all  chemical  combinations,  are  grouped  together  in 
such  numbers  as  to  form  larger  molecules,  either  of  equal  weights 
for  different  substances,  or  of  weights  bearing  a  simple  relation  to 
one  another.  "  It  is  this  new  class  of  molecules,  SJid  not  the 
Daltouiau  Atoms,  which  play  so  important  a  part  in  Liquid  and 
Gaseous  Diffusion." 

Among  the  vast  variety  of  substances  examined  with  reference  to 
their  diSnsibility,  another  grand  relation  was  estabUahed.  Those 
having  high  difiiisive  mobility  are  such  as  crystallize  readily;  those 
of  low  mobility  either  do  not  crystallize,  or  are  made  to  take  this 
form  with  extreme  difficulty.  This  latter  class  comprehends  starch, 
albumen,  the  gums,  hydrated  silicates,  and  many  others;  the  highest 
of  which  has  seven  Umet  leu  mobility  than  Epsom  Salt,  the  least 
diffusible  of  the  other  class.  Gelatine  being  the  type  of  the  boilies 
of  this  second  class,  Ur.  Graham  has  given  the  group  the  name  of 
Colloids,  from  the  Greek  KoUe,  jelly ;  the  others,  of  course,  are 
crystalloids.  They  appear  like  different  worlds  of  matter.  Their 
properties  are  characteristically  different, — of  the  one  is  built  up  an 
animftl  and  vegetable  world,  of  the  other  a  mineral  kingdom.  The 
distinction  between  them  is  one  of  intimate  molecular  constitntion ; 
and  there  is  no  doubt  that  the  peculiar  aggregation,  state  of 
molniity,  and  chemical  indifference,  admirably  fit  the  Colloid  struo- 


tore  f«r  tibe  pun  it   plsjF  m  1^  argione  jircioeBBef   of  liik.     It 

prijuurr  «riitrutr  of  i^  faroe.  appeainikf:  in  ttH  lilie  jdHmanHma  of 
riitoJitT  (fidloir^piioal  TramsaatMrnK,  l&f*().  page  ]  >. 

Aji  adiuin^kr  sppEos^ticm  uf  i^kteBe  rk-wE.  {^itgpefitied  si  tikke  xenr 
firct.  but  Zkcn  tLcsd  foBcnr^  -cpu  -vbs  in»de  lir  Mr.  QraAajn  Idsi- 
fMAbL  uxkdtT  tii.^  tjrt4kL  '^Laqrdd  I>i£ixskm  a.jip}i&d  vo  AjsmUj-w*  (FiiSoKh' 
fikiocU  TrcmmKtiUms:.  l^'il).  He  li&d  in  tibe  ixnxnrvu}  deQiTereid  b  smxizuI 
EmkAfjiMSi  LectTore  ^On  tike  OGmcnae  Faroe  ^  (Ph£UmvjAmI  TrwN/f- 
«cC»cw«,  I8^i),  This  refers  to  tike  eingTiiaj-  projierty  possi^ssied  hj 
owvmhi  Boeudjutz^es  cif  prcxm^Jtnzxg  like  iirMrcium^  of  sulisfiBsoes 
pkn^wA  in  vjviaua.  'wn^h  litem— -diBoctrered  before  GnLbun's  taaae  by 
lMttfx^elj«ty  auud  muzMKi  bj  iiim  EndosmoBe  and  £x.osmoBe«  from  the 
dir^dicms  of  iLis  inVrTdiaiZige.  The  xEtexaLnme  or  se^^mun  must  be 
A  oMM,  Mud  its  two  surfiioeis  must  be  «xpci9ad  to  cbemkaJ  medims 
<of  diir«rex(t  IdiMis,  wd  more  inteDse  <m  ilie  one  side  tbaaa  on  the 
other.  Gnham  ha4  cairefallT  Btadi«d  the  phenomeiiA  for  himself^ 
aod  ocoidoctbd  a  long  experimentjd  inqnirr  npcm  the  action  of  this 
lingular  molecolar  turoe  in  a  great  Tmiietr  of  sabstanoes;  and  he  was 
thfiTfdfjre  now  in  a  much  better  condition  to  apply  the  princq^es  of 
diffusion  to  a  complete  separation  of  substances  in  sc^ution.  It  was 
£oun4  thai  though  colloids  are  diemicallT  inert  in  the  ordinaiy  amae, 
yet  thej  hare  a  peculiar  actiritr,  arising  from  their  constitution; 
their  softness  partakes  of  fluidity,  and  enables  them  to  become  a 
medium  ^/f  Liquid  Diffusion,  like  water  itsel£  Hence  comes  their 
use  in  aiding  the  sefisration  of  the  ingredients  in  a  solution.  To 
such  separation  Mr.  Graham  applied  the  term  ^'DialysLs."  The  most 
suitable  membrane  to  employ  as  a  septum  is  parchment  paper — that 
is,  unsized  pa|»er,  altered  by  a  short  immersion  in  sulphuric  acid.  In 
a  wetted  state,  this  paper  can  easily  be  applied  to  a  gutta  percha 
hoop,  and  £uitened  by  a  string  or  elastic  band,  so  as  to  form  the  bottom 
of  a  small  tray,  like  a  sieve  in  shape.  This  tray  is  the  ^*  Dialyser." 
Into  it  is  put  the  mixture  to  be  examined,  and  the  tray  is  then 
floated  on  the  surface  of  a  shallow  dish  of  pure  water.  In  a  day  or 
two,  the  solid  or  crystalloid  in  the  mixture  will  difiuse  out  through 
the  septum  into  the  pure  water,  and  so  be  eaaUy  had  in  a  separate 
state— |>erfectly  pure.  A  mineral  poison,  for  example,  mixed  with 
various  articles  of  food,  diffuses  ovi  in  this  way  in  a  short  time,  and 
is  obtained  quite  pure.  The  process  has  this  immense  advantage, 
that  no  extraneous  substance  needs  to  be  introduced,  and  that  it 
affords  the  means  of  freeing  many  organic  colloid  bodies  from  im- 
purities of  the  crystalloid  class,  which  could  not  be  removed  by  any 
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other  method.  It  is  hence  a  new  power  in  the  hands  of  chomiate, 
and  is  extensively  employed  in  Pharmacy  and  in  Analysis. 

Qraham  thus  conceives  of  the  theory  of  this  remarkable  process — 
Masses  will  not  permeate  the  septum,  but  molecules  only,  moved  by 
the  force  of  diffusion.  This  septum,  or  hydrated  colloid,  gives  up 
water,  molecule  by  molecule,  to  the  molecules  of  the  crystalloid  in 
the  mixture.  Such  attraction  being  an  inherent  property  of  the 
crystalloid,  the  liquid  medium  required  for  diffusion  is  thus  obtained, 
and  the  crystalloid  is  carried  through  the  septum.  A  substance  such 
as  gnm  or  other  colloid,  possessing  a  feeble  affinity  for  water,  cannot 
separate  water  from  the  moist  septum,  and  so  fails  to  open  the  door 
for  its  own  passage  outwards  by  diffusion.  He  illustrates  the  pro- 
cess by  the  well-known  &ct  regarding  a  soap-bubble  filled  with 
carbonic  acid  and  hydn^n, — neither  gas  can  penetrate  the  water 
film ;  but  the  carbonic  acid,  being  soluble  in  water,  is  condensed 
and  dissolTed  by  the  film,  and  so  passes  out ;  while  the  hydrogen, 
insoluble  in  water,  is  retained  within  the  vesicle. 

The  application  of  the  process  to  the  detection  of  poisons  ia 
obvious.  Mr.  Graham  states,  that  all  soluble  poisonous  substances, 
of  whatever  origin,  are  crystalloids,  and  can  pass  through  coUoidal 
septa,  and  be  detected  in  quantities,  &om  the  four-thousandth  to  the 
ten-thousandth  part  of  the  mass.  I  am  informed,  however,  by  Dr. 
Fred.  Fenny,  whose  admirable  skill  in  detecting  poisons  is  so  well 
known,  that  poison  often  occurs  in  solutions  in  quantities  so  minute, 
that  it  will  not  separate  by  this  dialytic  process,  and  yet  can  he 
detected  by  chemical  re-agents.* 

It  was  to  mark  their  sense  of  the  vast  importance  of  these  various 
papers  on  Liquid  Diffusion— the  Osmotic  force.  Diffusion  applied  to 
analysis,  with  the  distinction  of  colloids  and  crystalloids,  as  advanc- 
ing chemical  physics — that  the  Royal  Society,  in  1862,  bestowed 
upon  Mr.  Graham  the  Copley  Medal. 

In  1864,  in  the  Chemical  Jmimal,  Graham  enters  into  a  curious 
speculation  about  the  unity  of  matter.  An  atom  is  now  considered  to 
be  the  smallest  combining  proportion  or  volume — a  molecule,  the 
smallest  portion,  capable  of  existing  in  a  iree  state.  It  is  conceivable 
that  there  is  only  one  kind  of  ponderable  matter,  but  under  a  vast 
variety  of  forms  and  properties,  owing  to  the  molecular  movement  or 
state.  Gold,  lead,  and  iron  may  all  be  one  in  substance,  only  in  dif- 
ferent molecular  conditions — and  these,  too,  may  be  only  oxygen, 
hydrogen,  and  nitrogen,  &c.,  in  other  molecular  states ;  or,  i^;ain, 

*  I>r.  VtaaifM  limmted  death  ooenmd  Jut  thm*  weeks  aftar  this  addreu 
wu  rtad  to  tit*  Sooietj. 
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palladium  on  hydrt^n,  iron  on  carbonic  oxide.  Palladium,  at  ordi- 
nary temperatures,  absorbs  from  600  to  960  times  its  own  volume  of 
bydrogen,  wbicfa  does  not  part  from  it  except  under  the  influence  of 
a  high  temperature;  and  the  same  holds  for  carbonic  oxide  and  iron. 
The  quantity  capable  of  being  introduced  at  a  high  temperature 
ia  small;  but  it  is  still  present,  and  travels  through  the  metal  by  a 
process  like  that  by  which  carbon  pervades  iron  in  the  formation  of 
steel.  He  believes,  indeed,  that  it  is  by  the  introduction  of  carbonic 
oxide  that  steel  is  made,  and  not  by  introducing  solid  carbon.  The 
carbon,  that  is  to  say,  must  firat  be  converted  into  carbonic  oxide. 
It  ia  then  absorbed  aa  a  Uquid  by  the  colloidal  metallic  septa,  and 
permeates  the  whole  mass ;  and  he  maintains  that  the  best  way  to 
make  steel  is  to  alternate  the  temperatures,  by  heating  and  cooling 
several  times  slowly,  and  thus  giving  abundant  time  for  the  permea- 
tion and  combination.  At  a  very  high  temperature  the  permeability 
of  a  palladium  plate  by  hydrogen  was  very  great,  the  velocity  being 
enormous  ;  but  the  plate  was  not  permeable  to  any  other  gas. 

Now,  the  peculiar  action  of  hydrogen  and  the  hydrides  has  much 
analogy  to  that  of  metallic  oxides  and  chlorides,  and  a  suspicion  had 
long  haunted  the  minds  of  chemists  that  this  marvellous  substance, 
perhaps  the  most  singular  in  the  whole  range  of  inorganic  nature,  was 
a  metallic  vapour;  and,  in  this  view  of  its  nature,  Faraday  long  ago  at- 
tempted its  reduction  to  the  liquid  form  by  intense  cold  and  pressure. 

Against  this  view  there  is  no  antecedent  improbability.  Several 
metals  volatilize  readily,  and  the  atmospheres  thus  formed  are  aa 
perfectly  pervious  to  the  electric  spark  as  common  air  or  hydrogen, 
while  three  known  metals  have  a  specific  gravity  less  than  unity;  and 
the  most  obdurate  metals  may  be  made  to  disappear  wholly  under  an 
electric  chaise  of  great  intensity,  or  a  poweriiil  burning-glass.  The 
beams  in  the  chimneys  of  refineries  and  smelting-houses  get  studded 
with  crystals  of  gold  and  copper ;  and  15  per  cent,  of  the  lead  would 
escape  up  the  vent,  if  not  arrested  in  its  flight.  (See  Dr.  W.  Allen 
Miller's  admirably  lucid  and  most  eloquent  work  on  Chemuiiy, 
fourth  edition,  vol.  ii.,  page  312.) 

The  powerful  condensation  of  hydrogen  by  palladium  brought  out 
the  strong  probability  that  palladium,  with  its  oeelvded  hydrogen, 
waa  really  an  alloy;  and  as  alloys  have  a  peculiar  set  of  properties 
in  relation  to  those  of  the  metals  which  make  them  up,  Mr.  Graham 
instituted  a  series  of  experiments  to  determine  if  the  compound  of 
hydrogen  and  palladium  had  such  a  class  of  properties — and  he  was 
completely  successful.  The  physical,  chemical,  and  magnetic  pro- 
perties, in  their  relation  alike  to  the  two  compouenta,  and  to  other 
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Bubstaaoeft,  clearlj  aLnr  tbat  -bhe  camj>oiind  is  li  true  hIIpt.  TLtt 
tlie  Lrdrogen  caii  itearlv  all  be  driven  ci€*  br  a  lii|^  tempenKCnre  is 
no  pr^»,\ja'  ubjectiuii  xc>  it&  being  a  inie  alior,  limn  the  &ct  tibat  a 
hi|^  tem]»eratur^  wiU  drire  off  zinc  &om  braaa,  and  leaxre  anlj 
copper  remaining.  To  tbe  mecaL  uf  -vrnich  bvdrogen  is  xbe  Taponr, 
JUr.  ^>nuLiLm  gave  tbe  name  of  Hydrogeniunu  in  conformixy  -wixb  libe 
usual  num^^cLaxure.  He  did  not  obtain  it  in  a  Be})arai<e  form,  but 
be  aaoertained  manj  of  its  properdes.  It  is  a  little  ligbter  than 
potaasium,  but  bearier  tban  litbium.  tbe  a^tecific  gnuii^  being  '7S3. 
It  muBt  be  fiolid,  and  bare  a  wbite  metallic  aspect,  and  it  must  j»oBBeBi 
tenachr.  and  electric  (xmduociTitT.  Tbe  aUor  is,  bowerer,  eaalT 
made.  On  oocasion  of  IL  Dumas  deHrering  last  year  in  Landon  an 
tio^  on  Faraday,  a  medaJ  of  ibis  alloy  ^as  Btruck  in  oomniemoira- 
tian  cf  \k»  event,  and  in  bonour  of  Grabam,  -wboae  diaocrreiT  bad 
just  been  ocnnpkied. 

Ihzring  tbe  progress  cf  tbe  reaearobes  wbidh  led  vo  tbis  great 
disooverr,  auotber  ininma.telT  related  to  it  -was  made  br  Giubam. 
To  estimate  arigbt  tbe  grandeur  and  interest  of  botb,  we  must  liew 
tLem  io  oonneetion  with  tbe  rerebitians  -wbich  tbe  spectrosoojie  bad 
just  made  regarding  tbe  constitution  of  tbe  sun  and  stars.  He  Icnew 
at  tbis  time  tbat  platinum,  palladium,  and  iron  absorbed  bydrc^n 
and  carbonic  oxide — ^'  bydrogen  poniUy  in  ks  Airaeter  as  a  metaSic 
vapour*' — and  reflecting  ihaX  if  a  piece  of  iron  bolding  occluded 
vitbiD  it  carbonic  oxide,  were  taken  up  by  a  cbemist  and  analyxed, 
it  would  sbew  bim  in  wbat  kind  of  atmospbere  tbe  metal  bad  been 
burnt,  be  began  to  wonder  and  inquire  wbetber  soft  ooUcAdal  iron 
from  regions  beyond  tbe  eartb  would  be  found  to  contain  any 
occluded  gas — and  if  so,  tbe  gas  would  indicate  tbe  state  of  tbe 
a.tmo8pbere  in  wbicb  tbat  iron  had  been  burnt.  Now,  meteoric  iron 
is  extrar^^ellaric;  and  bydrogen  occurred  to  bim  as  a  probable  gas, 
inasmuch  as,  shortly  before  this,  tbe  hydrogen  lines  had  been  detected 
in  the  sjjectra  of  the  sun  and  certain  fixed  stars,  in  whose  atmospheres 
als^i  the  incandescent  vapour  of  iron  and  other  terrestrial  elements 
m'as  known  to  exist.  Does,  then,  meteoric  iron  contain  occluded 
hydrogen,  as  it  ought,  if  burnt  in  a  hydrogen  atmosphere!  No  time 
was  lost  in  attempting  to  answer  this  question.  He  obtained  a 
specimen  of  the  Lenarto  meteorite — an  iron  pure  and  malleable, 
without  stony  admixture,  and  analyzed  it.  His  conjecture  was  fully 
verified !  Out  of  this  lump  of  meteoric  iron  he  extracted  three  times 
its  own  bulk  of  gas,  collected  it  in  a  tube,  tested  it  as  hydrogen,  and 
burnt  it !  Now,  this  volume  of  gas  is  three  times  as  much  as  that 
which,  under  ordinary  atmospheric  pressure,  can  be  forced  into 
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m&lleable  iron.  Tlie  metallic  mass,  therefore,  must  last  have  found 
itself  in  a  state  of  ignition  in  a  dense  hydrogen  atmosphere,  whence 
it  was  extruded,  and  for  which  tre  must  look  "  beyond  the  light 
cometary  matter  floating  about  within  the  limits  of  the  solar  system." 
It  must  have  come  to  us  &otn  the  far-off  regions  of  interstellar  apace, 
"holding  imprisoned  within  it,  and  bearing  to  us,  the  hydrogen  of 
the  stars ! " 

The  results  of  these  two  inqoiriea,  in  which  the  train  of  thought 
and  research  pursued  by  Oraham  from  the  first  find  their  culmina- 
ting point,  were  as  opportune  in  time  as  they  were  novel  and  grand. 
— The  spectroscope  reveals  the  astonishing  tact  that  hydrogen  is 
burning  fiir  out  amid  the  stellar  spaces.  A  fiery  messenger  from 
thence  reaches  this  speck  of  earth  in  its  long  and  rapid  flight,  and 
bears  to  the  delighted  vision  of  the  philosopher  a  specimen  of  this 
very  hydn^en  of  the  stars,  occluded  in  iron,  as  he  had  imprisoned 
it  in  his  laboratory;  thus  confirming,  by  the  faultless  evidence  of 
weight  and  measure,  the  wondrous  fast-crowding  discoveries  of  the 
spectroscope,  and  attesting,  in  the  wide  dispersion  over  the  universe 
of  the  terrestrial  elements,  the  Creator's  unity  in  working  and 
economy  of  power.  Science  has  rarely  achieved  such  triumphs  aa 
these ;  and  seldom  has  there  been  a  more  fitting  reward  for  a  life- 
long earnest,  humble  scrutiny  of  N'ature's  mysteries,  than  the  halo 
which  they  cast  around  the  last  days  of  Thomas  Graham. 


Other  Deceased  Mehbeks. 

Dr.  Mathie  Hamilton  was  long  a  member  of  our  Society,  and 
contributed  papers  to  our  journal.  A  year  or  two  ago,  from 
increasing  infirmity,  be  was  obliged  to  forego  our  meetings,  which 
had  always  been  to  him  a  source  of  enjoyment,  and  resign  his 
membership.  His  death  occurred,  however,  in  the  present  year ; 
and  it  must  not  be  that  he  should  pass  away  without  notice  by  us, 
though  not  a  member  at  the  time  of  his  decease.  Dr.  Hamilton 
was  in  many  ways  a  remarkable  man.  His  enei^  and  perse- 
verance were  so  strong  and  untiring,  that  he  rose  superior  to 
difficulties  which  would  have  crushed  most  men.  His  love  of 
nature,  enjoyment  of  natural  scenery,  keen  and  correct  obHervation 
of  the  aspects  of  nature,  and  the  social  relations  of  the  half-civilized 
races  among  whom  he  long  sojourned,  were  unusually  vivid  and 
accurate,  and  rendered  his  conversation  amusing  and  instructive, 
and  his  contributions  to  our  knowledge  of  much  scientific  interest, 
aa  well  m  practical  value. 
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Mathie  Hamilton  was  bom  in  Glasgow,  on  18th  March,  1793,  and 
died  in  his  seventy-sixth  year,  on  the  22d  April  last.     His  parents 
and  immediate  relatives  were  in  a  respectable  position  in  life,  and  of 
most  honourable  descent.      His  mother,   Margaret  Scuiderson  or 
Hamilton,  was  fifth  in  direct  lineal  descent  from  Elizabeth  Elnox 
or  Welsh,  wife  of  Mr.  Welsh,  parish  minister  of  Ayr,  and  third 
daughter  of  the  great  Reformer,  by  his  second  wife.  Lady  Margaret 
Stuart,  younger  daughter  of  the  Lord  of  Evandale  and  Ochiltree, 
second  Lord  of  that  title,  and  one  of  the  distinguished  "  Lords  of 
the  Congregation.''    Lord  Evandale's  mother  was  the  Lady  Mar- 
garet Hamilton,  only  child  of  the  £^rl  of  Arran;  and  in  this  way 
Dr.    Hamilton's    &mily  interlaced  with   the    ducal  house.     He 
received  his  education  at  Glasgow  College,  for  the  profession  of 
medicine;  and  in  1824,  while  yet  a  student,  published,  under  the 
name  of  "  Aliquis,"  a  pamphlet  on  the  procuring  of  subjects  for  the 
dissecting  room,  which  received  the  warm  approval  of  several  heads 
of  medical  schools.     The  year  following,  he  became  a  licentiate  of 
the  Faculty  of  Physicians  and  Surgeons  of  this  city,  and  imme- 
diately after  went  out  to  South  America,  as  surgeon  to  the  Potosi 
Silver  Mining  Company.     On  arriving  there,  in  company  with  the 
working  staff,  he  found  that  the  speculation  had  collapsed.     He, 
however,  remained  in  the  country,  and  entered  on  a  general  medical 
practice.     In  this  he  succeeded  beyond  his  expectations,  and  in  a 
few  years  rose  to  the  head  of  the  Medical  Staff  of  the  Peruvian 
Army.     After  remaining  in  Peru  about  seven  years,  he  returned 
home,  and,  instituting  a  suit  against  a  member  of  the  Company^ 
received  compensation  for  breach  of  contract.     This  and  his  other 
means  he  invested  in  house  property  in  this  city;  but  finding  its 
management  annoying  to  him,  he  sold  it  all  off,  and  returned  to  Peru. 
Here  he  was  well  received  by  his  former  friends,  and  again  enjoyed 
an  extensive  medical  practice.    About  1840  he  returned  home,  and 
took  out  here  his  degree  of  M.D.     During  his  residences  in  Pero, 
he  visited  many  parts  of  the  interior,  and  at  other  times  made  short 
excursions  from  Tacuna  and  Arica  into  the  desert  and  mountain 
regions.     Having  a  good  knowledge  of  physical  geography,  geology, 
and  meteorology,  his  observations  possess  a  real  value,  adding  some- 
thing to  our  knowledge  of  these  wild  regions  and  their  scanty 
populations.    His  contributions  to  medicine  and  the  natural  sciences 
were  made  through  the  Wemerian  Society,  the  British  Association, 
and  our  own  Society.     Some  things  were  published  independently. 
To  the  Wemerian  Society  he  contributed  a  paper  "  On  the  larger 
Quadrupeds  of  South  America — the  Llama,  Alpaca,  Yicunay  and 
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Guanaco."  It  coataina  much  interesting  information  respecting 
their  habits,  and  valuable  suggestions  for  their  preserration,  'which 
were  embodied  in  a  representation  to  the  native  govenunent,  and 
had  a  good  effect.  Under  the  ancient  Incas,  these  creatures  were 
hunted  into  inclosures,  by  men  and  d<^  encircling  a  wide  area, 
and  gradually  drawing  inwards.  They  were  thus  eadly  caught, 
shorn  of  their  wool,  and  again  let  free,  to  be  again  collected  and 
shorn,  as  we  do  with  our  sheep.  But  the  modem  Indians  and 
Spaniards  "  kill  the  goose  to  get  the  golden  egg."  They  hunt  the 
animals  in  the  same  way,  but  make  wholesale  slaughter  for  the  sake 
of  the  skin, — the  reason  assigned  to  Dr.  Hamilton  being,  that  the 
merchants  gave  a  much  higher  price  for  the  akin,  because  the  wool 
cannot  then  be  mixed  with  an  inferior  kind.  Dr.  Hamilton's 
suggestions  led,  I  believe,  to  conservative  measures  on  the  part  of  the 
government  in  regard  to  these  animals.  With  our  own  Govenunent, 
and  our  representatives  in  those  countries.  Dr.  Hamilton  also  had 
several  communications  in  relation  to  the  political  and  social  ques- 
tions of  the  time. 

Not  fer  from  the  scene  of  Dr.  Hamilton's  first  labours  there  exists 
one  of  the  most  remarkable  lakes  in  the  world.  It  is  13,000  feet 
above  the  sea,  150  miles  long,  70  broad,  and  of  enormous  depth. 
From  its  southern  extremity  a  river  takes  its  course,  of  200  miles, 
into  another  lake,  60  miles  long  and  15  to  20  miles  broad.  Both 
are  of  fresh  water;  but  there  is  no  outlet  for  it — an  exception 
to  the  law  which  holds  in  other  parts  of  the  world,  that  the 
water  of  closed  basins  is  always  salt.  Kow,  the  fact  observed 
by  Dr.  Hamilton  is  this,  —  that  a  river  not  noticed  by  any 
traveller,  or  lud  down  on  any  map,  issues  from  the  south  end 
of  the  southern  lake;  and  as  evaporation  is  very  trifling  over 
the  whole  region^-a  iact  fully  established  by  observations  which  Dr. 
Hamilton  records — this  river  cannot  be  thus  absorbed;  but  it  cannot 
issue  in  any  direction  to  the  sea  in  an  open  channel,  from  the 
inclosed  nature  of  the  country;  therefore  must  it  descend  into  rocky 
caverns,  whence  it  may  again  come  out  to  the  day  far  down  beneath 
the  mountuns,  and  so  find  its  way  to  the  Pacific.  If  this  hypothesis 
be  correct— and  it  certainly  seems  in  the  highest  degree  probable — 
then  the  great  Andean  basin  is  not  really  closed,  and  thus  is  not  ui 
exception  to  the  ge<^^phlcal  law.  As  the  Uississippi  is  the 
"  Mother  of  waters,"  so,  said  Dr.  Hamilton,  is  this  great  lake 
"Titicaha"  the  "Father  of  waters" — and  not,  as  it  is  always 
■pelt,  Titicaca,  which  has  a  less  pleasing  and  less  poetio  meaning. 
Anllsgas  is  the  name  of  the  lesser  lake.     A  descriptive  account 
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of  this  region  is  published  in  our  Transctctions.  In  the  Edin- 
burgh New  Philosophical  Journal  for  January,  1841,  Dr.  Hamilton 
published  a  paper  "  On  Earthquakes  in  the  Western  Parts  of 
.  South  America  " — a  valuable  contribution,  as  being  from  the  pen 
of  a  scientific  man,  who  was  an  eye-witness  of  several  of  the  ter- 
rible visitations  in  1833  and  1834.  An  essay  "  On  the  Intermittent 
Fever  of  Peru "  was  published  in  this  city,  in  a  separate  form,  in 
1842.  In  the  report  of  the  British  Association  for  1852,  there  is 
a  paper  by  Dr.  Hamilton  "  On  the  Lobos  Islands  of  Peru,*  noted 
for  their  guano ;  and  *'  Notices  on  Earthquakes/'  in  the  volumes  for 
1850  and  1854.  Under  the  signature  of  ''Aliquis,"  used  in  his 
earliest  production,  Dr.  Hamilton  contributed  a  number  of  articles 
to  the  Glasgow  Heraldy  in  relation  to  ''Old  Glasgow,**  after  the 
manner  of  the  well-known  articles  of  *'  Senex,**  on  the  same  subject. 
Portions  of  these  sketches  have  been  published  in  a  work  entitled 
Glasgow  Past  and  Present. 

Mr.  Neil  Robson  was  bom  in  the  district  of  Gralloway  in  1807. 
At  that  time  his  £Either  was  factor  to  a  nobleman  in  the  county,  but 
soon  after  became  occupier  of  a  feirm  on  the  Eglinton  estates,  in 
Ayrshire.  Mr.  Robson  was  educated  at  the  Irvine  Academy,  a 
school  which  has  gained  a  well- deserved  celebrity  for  its  able  teachers 
and  successful  pupils.  At  the  early  age  of  seventeen  he  started  in  life 
as  apprentice  to  the  profession  of  civil  and  mining  engineering,  under 
the  late  Mr.  Smith,  C.E.,  of  this  city.  On  the  expiry  of  his  term  of 
service,  he  began  business  on  his  own  account,  and  continued  it  for 
nearly  thirty  years,  with  constant  employment  and  eminent  success. 
In  1838  he  married  Miss  Agnes  Merry,  daughter  of  the  late  Mr. 
James  Merry,  by  whom  he  had  a  Beimily  of  five  children.  In  1860, 
by  request  of  the  firm  of  Messrs.  Merry  &  Cuninghame,  ironmasters, 
he  resigned  business,  and  assiuned  the  management  of  their  extensive 
works ;  soon  after  he  became  a  partner  in  the  firm.  His  son,  Mr. 
Robert  Robson,  and  Messrs.  Forman  k  M'Oall,  succeeded  to  his 
business.  His  son,  however,  soon  withdrew  from  the  partner- 
ship, and  became  a  coalmaster.  Mr.  Robson  died,  after  a  short 
illness,  in  February  last,  at  the  early  age  of  sixty-one.  Among  the 
larger  works  which  he  executed,  I  may  mention  the  Glasgow,  Barr- 
head, and  Neilston  Railway,  the  General  Terminus  Railway,  the  Cale- 
donian and  Dumbartonshire  Railway,  the  Glasgow  and  Helensburgh, 
and  the  Lesmahagow  Railways.  The  suspension  bridge  over  the 
Clyde,  in  Glasgow  Green,  is  also  of  his  construction, — as  is  also  the 
great  diagonal  bridge  on  the  Barrhead  Railway,  near  the  South  Side 
Park.      His  knowledge  of  our  local  geology  was  extensive  and 
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accurate ;  and  \aat  numbers  of  boringa  were  undertaken  on  Us 
recommendation,  very  rarely,  indeed,  without  Buccess.  He  waa  a 
leading  Director  of  the  Greenock  and  Ayrahire  Railway ,  and  for  seven- 
teen yeara  Director  and  Deputy-Governor  of  the  Forth  and  Clyde 
Navigation  Company.  Constantly  engaged  in  a  laborious  profession, 
which  kept  him  much  away  from  home,  he  had  little  leisure  for 
literary  composition ;  and  the  only  production  that  I  know  of  which 
emanated  &om  his  pen,  is  an  able  and  judicious  pamphlet  on  the 
"Navigation  of  Canals  by  Screw  Steamers."  He  was  a  member  of  the 
Institution  of  Civil  Engineers  in  London,  and  of  the  Uining 
Institute  of  the  North  of  England, — the  meetings  of  which  he  often 
attended,  and  took  part  in  the  proceedings. 

Mr.  John  Ure,  a  member  of  this  Society  almost  from  its  origin  up 
till  the  time  of  his  death,  on  the  18th  of  November  last,  was  bom  in 
this  city  on  September  22,  1796.  He  was  educated  in  Clugston's 
school,  in  St.  Andrew's  Square ;  and,  having  a  taste  for  mechanics 
and  chemistry,  he  attended  at  an  early  period  the  scientifio  lectures 
in  Anderson's  University,  which  have  without  doubt  been  the  first 
beginnings  of  mental  activity  to  multitudes  to  whom  science  would 
never  otherwise  have  reached.  This  taste  abode  with  him  through- 
out a  long  life,  which  was  divided  between  pursuits  of  this  kind  and 
the  benevolent  labours  of  a  sincere  and  humble  Christian.  He 
succeeded  to  his  father's  business  of  a  calenderer  at  an  early  age ;  but 
as  it  was  long  established,  and  he  had  a  partner,  he  was  little 
occupied  with  it,  and  he  waa  left  free  to  pursue  more  kindred 
objects,  in  the  society  of  several  friends  of  like  tastes.  Afr.  Ure 
had  the  greater  leisure  for  such  pursuits,  as  he  retired  from  business 
more  than  twenty  years  ago.  His  only  invention,  that  I  know 
of,  is  a  machine  for  the  ventilation  of  public  buildings  and  factories, 
which  I  believe  to  have  been  very  successful,  and  of  which  an 
account  will  be  found  in  the  third  volume  of  our  Transactumg. 

Dr.  George  Robertson,  who  died  on  the  11th  July  last,  in  hia 
sixtieth  year,  was  a  native  of  Paisley.  He  was  educated  for  the  pro- 
fesraon  of  medicine  at  our  University.  He  was  licensed  to  practice 
in  1836,  and  took  the  degree  of  M.D.  in  1840.  His  first  appoint- 
ment was  the  chai^  of  the  South  Albion  Sti-eet  Fever  Hospital ; 
after  which  he  held  a  like  office  in  Dundee.  Returning  thence,  he 
opened  Consulting  Rooms  in  Glassford  Street,  and  acquired  celebrity 
in  operations  for  atrabitntus,  or  squint,  cutting  for  that  defect  having 
come  into  vogue  about  1844-  He  was  fearless  as  an  operator, 
generally  successful,  and  was  resorted  to  from  all  quarters, — more 
especially  as  he  exacted  no  fee  froax  those  who  made  any  difficulty 


158  FkUoBopkieal  Society  qf  Okugow, 

about  paying.  For  other  diseases,  also,  he  gave  gratuitous  advice, 
and  his  rooms  were  largely  visited.  One  who  knew  him  weU  has 
declared  that  the  poor  were  ever  attended  to  with  the  most  tender 
encouraging  sympathy  and  kindness,  and  medicines  given  away 
with  unsparing  liberality.  We  all  know  the  distinguished 
benevolence  towards  the  poor  manifested  by  the  medical  profession 
of  this  city.  Among  them  he  was  a  conspicuous  example;  and 
this  should  be  ever  mentioned  in  honour  of  his  memory.  Its 
spring  was  in  his  large  heart  and  generous  sympathies ;  to  gratify 
these  and  do  good,  was  his  delight.  Doubtless,  on  some  occasions, 
this  kindness  was  carried  to  excess,  and  became  injurious  to  the 
objects  on  whom  it  was  bestowed ;  but  no  one  ever  doubted  his 
motives.  It  was  this  excess  of  kindness  alone,  and  no  de&ult  in 
attendance  or  doubt  of  his  skill,  that  produced  those  dijBTerences 
between  him  and  the  Directors  of  one  of  our  public  charities  which 
led  to  his  resignation  of  the  important  post  which  he  there  held. 
For  a  good  many  years  he  enjoyed  a  large  and  lucrative  practice ; 
yet  he  ever  found  time  for  his  labours  of  love  amongst  the  ailing  poor. 
His  memory  will  long  be  held  by  them  in  grateful  remembrance. 
Dr.  Robertson's  married  life  was  of  short  duration,  his  wife  having 
died  in  1848.  His  life  thereafter  was  very  solitary,  as  he  had  no 
children,  or  near  relative,  who  could  reside  with  him. 


DISCUSSION  ON  PATENTS  FOR  INVENTIONS. 

The  subject  of  Patents  for  Inventions  was  discussed  at  three 
successive  meetings  of  the  Society,  to  which  were  invited  a  number 
of  eminent  inventors,  engineers,  manufacturers,  patentees,  and 
others  interested  in  the  question  of  continuing  or  discontinuing 
the  protection  of  inventions.  The  discussion  having  extended  to 
an  unexpected  length,  the  statements  of  the  respective  speakers  are 
necessarily  given  in  abstract  in  the  following  report. 

Decevriber  1,  1869. — Mr.  St.  John  Vincent  Day,  at  the  request 
of  the  Council,  introduced  the  subject.  After  some  prefatory 
remarks,  he  proceeded : — 

I  deem  it  necessary  to  say  a  few  words  at  the  outset  as  to 
the  origin  of  patents  for  inventions,  for  this  will  in  the  speediest 
way  enable  us  to  perceive  clearly  the  true  spirit  of  such  grants. 
Patents  for  inventions  constituted  one  link  in  the  chain  of 
privileges  of  monopoly  which  the  Crown,  from    ancient   times. 
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enjoyed  the  prerogative  of  beatowing  ob  any  of  ita  subjects;  and 
this  right  of  the  Crown  was  exercised,  we  know  certainly,  as  long 
ago  as  the  period  of  the  early  Tudor  sovereigns;  but  in  the  reign 
of  Elizabeth,  the  royal  privilege  was  so  grossly  abused  that  the 
state  policy  and  right  of  the  Crown  in  this  respect  were  disputed. 
The  action  which  the  Queen  herself  then  carried  out  in  cancelling 
the  obnoxious  monopolies,  and  the  sstis&ction  which  she  thus 
afforded  the  nation,  are  so  well  known  that  I  need  not  dwell  on  them. 
It  is,  however,  most  important,  in  dealing  with  this  subject,  to 
bear  in  mind,  that  not  against  monopoly  in  the  exclusive  right 
conferred  by  patents  for  inventions  was  the  public  voice  clamorous 
— indeed.  It  is  only  during  the  last  few  years  of  our  own  time 
that  the  policy  of  such  grants  has  been  questioned — ^but  against 
monopolies  and  exclusive  privileges  for  special  trades,  and  by 
which  grievous  injury  was  done;  indeed,  the  national  policy,  to  say 
nothing  of  the  individual  advantages  of  granting  patents  for  inven- 
tions, has  always  been  most  powerfully  upheld. 

In  the  succeeding  reign  of  James  I.,  the  royal  &vour  was  again 
so  grossly  abused  ajid  unduly  exercised,  that,  in  1623,  the  Parlia- 
ment whii^  then  met  demanded  &om  the  King  that  all  monopolies 
established  by  royal  authority  should  be  null  and  void;  and  such 
was  the  effect  of  the  representation  of  the  House  of  Commons  then 
sitting,  that  the  King  was  forced  to  consent — the  result  being  the 
passing  of  a  celebrated  measure,  commonly  known  as  "  The  Statute 
of  Monopolies,"  in  the  twenty-firft  year  of  James  I.  This  statute 
enacted  that  all  monopolies,  grants,  and  letters  patent,  for  the  sole 
buying,  telling,  making,  loorlnng,  or  uaiTig  of  anything  within  the 
realm,  were  contrary  to  the  taws  and  void;  but  whilst  most 
stringent  in  other  respects,  it  excepted  all  letters  patent  and  grants 
of  privilege  for  the  term  of  twenty-one  years  then  existing,  and 
those  for  fourteen  years  or  under  thereafter  to  be  made,  "for  the 
sole  working  or  making  of  any  manner  of  new  manu&ctures  within 
the  realm  to  the  true  and  first  inventor  and  inventors  of  such 
manufiwjtures,  which  othere  at  the  time  of  making  such  letters 
patent  and  grants  should  not  use,  so  as  also  they  be  not  wnirary  to 
iht  lam  nor  muehitwm*  to  the  Slate,  by  raiting  prieeg  of  eoTmrwdilia 
at  home,  or  hurt  of  trade,  or  generaiiif  inoonvenient." 

Nothing  can  he  clearer  than  the  last  words  of  the  foregoing 
clause,  that  the  framers  of  the  statute  had  in  view  the  overthrow, 
for  all  time  to  come,  of  all  those  patents  which  at  the  time  were  in 
existence,  or  might  afterwards  be  granted;  also,  the  refusal  to 
■snctum  any  anbeeqaently  ^plied  for,  which  in  any  way  were  or 
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tliat  there  is  an  Ether  vibrating  through  all  space,  which  moves  the 
molecules,  and  causes  all  differences  in  properties. — But  this  is  set 
forth  as  a  mere  speculation  or  mental  exegesis. 

I  come  now  to  speak  briefly  of  the  last,  and  in  some  respects, 
perhaps,  the  most  brilliant,  of  Graham's  discoveries.  His  researches 
on  the  subject  were  laid  before  the  Royal  Society, — the  last  paper 
only  two  months  before  his  death.  The  discovery  is  but  a  grand 
climax  in  the  train  of  thought  which  runs  through  all  his  principal 
memoirs,  and  guided  his  inquiries  for  a  period  of  forty  years.  It  waa 
not  BO  much  the  study  of  pure  chemistry  that  engaged  him,  as  the 
related  parts  of  chemistry  and  physics.  His  first  paper,  on  the 
absorption  of  gases,  when  he  was  twenty-one,  led  to  his  researches 
on  gaseous  diffusion;  these  led  to  liquid  diffusion,  and  this  again  to 
dialysis  and  the  theory  of  colloids  and  crystalloids,  while  this  latter 
conducted  him  to  his  last  brilliant  discovery. 

A  film  of  India-rubber — such  as  little  toy  balloons  are  made  of — 
is  impervious  to  air  or  gas,  but  it  has  the  power  of  liquefying  the 
gases  of  which  the  air  is  composed.  They  penetrate  its  substance 
as  liquids,  and  appear  again  on  the  other  side  as  gases ;  but  two  and 
a-half  times  more  oxygen  passes  through  than  nitrogen.  The  septum 
keeps  back  half  the  nitrogen,  and  allows  the  other  half  to  pass 
through,  with  the  whole  of  the  oxygen.  ''The  film  is  thus  a 
dialytic  sieve.''  This  fact  being  discovered  and  known  for  some  time, 
he  seized  upon  a  remarkable  observation  of  two  foreign  chemists — 
Deville  and  Troost  {Proceedings,  Royal  Society,  1868,  page  427)— 
that  hydrogen  passes  rapidly  through  plates  of  iron  and  platinum  at 
a  high  temperature,  and  drew  the  conclusion  that  these  and  other 
metals  liquefy  and  condense  hydrogen,  as  the  film  of  India-rubber 
does  above  mentioned.  The  strong  mutual  repulsion  of  the  gaseous 
molecules  resists  chemical  combination,  and  limits  their  power  of 
passing  into  the  minute  pores  of  solids.  These  are  more  accessible 
to  liquids  than  to  gases ;  and  it  must  be  in  the  liquid  state  that  they 
pass,  becoming  airs  again  if  they  make  good  their  escape.  The  con- 
clusion is  fully  warranted  that  the  soft  colloid  metals,  iron,  platinum 
and  palladium,  have  a  dialytic  action, — ^they  have  a  ''solution 
affinity," — ^they  act  like  septa  in  dissolving  and  absorbing  gases, 
and  have  a  power  of  separating  hydrogen  from  other  gases.  A 
series  of  experiments,  running  through  several  years,  and  occupy- 
ing three  or  four  memoirs,  establish  this  conclusion ;  and  that  these 
are  almost  the  only  metals  which  thus  condense  within  them,  absorb, 
or,  as  Graham  termed  it,  occlude  gases;  while  hydrogen  and  carbonic 
oxide  are  almost  the  only  gases  on   which   metals  thus  act, — 
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palladium  on  hydrogen,  iron  on  carbonic  oxide.  Palladium,  at  ordi- 
nary temperatures,  absorbs  from  600  to  950  times  its  own  volume  of 
hydrogen,  which  does  not  part  from  it  except  under  the  influence  of 
a  high  temperature;  and  the  same  holds  for  carbonic  oxide  and  iron. 
The  quantity  capable  of  being  introduced  at  a  high  temperature 
is  small;  but  it  is  still  present,  and  travels  through  the  metal  by  a 
process  like  that  by  which  carbon  pervades  iron  in  the  formation  of 
steel.  He  believes,  indeed,  that  it  is  by  the  introduction  of  carbonic 
oxide  that  steel  is  made,  and  not  by  introducing  solid  carbon.  The 
carbon,  that  is  to  say,  must  first  be  converted  into  carbonic  oxide. 
It  is  then  absorbed  as  a  liquid  by  the  colloidal  metallic  septa,  and 
permeates  the  whole  mass ;  and  he  maintains  that  the  best  way  to 
make  steel  is  to  alternate  the  temperatures,  by  heating  and  cooling 
several  times  slowly,  and  thus  giving  abundant  time  for  the  permea- 
tion and  combination.  At  a  very  high  temperature  the  permeability 
of  a  palladium  plate  by  hydrogen  wa«  very  great,  the  velocity  being 
enormous ;  but  the  plate  was  not  permeable  to  any  other  gas. 

Now,  the  peculiar  action  of  hydrogen  and  the  hydrides  has  much 
analogy  to  that  of  metallic  oxides  and  chlorides,  and  a  suspicion  had 
long  haunted  the  minds  of  chemists  that  this  marvellous  substance, 
perhaps  the  most  singular  in  the  whole  range  of  inorganic  nature,  was 
a  metallic  vapour;  and,  in  this  view  of  its  nature,  Faraday  long  ago  at- 
tempted its  reduction  to  the  liquid  form  by  intense  cold  and  pressure. 

Against  this  view  there  is  no  antecedent  improbability.  Several 
metals  volatilize  readily,  and  the  atmospheres  thus  formed  are  as 
perfectly  pervious  to  the  electric  spark  as  common  air  or  hydrogen, 
while  three  known  metals  have  a  specific  gravity  less  than  unity ;  and 
the  most  obdurate  metals  may  be  made  to  disappear  wholly  under  an 
electric  charge  of  great  intensity,  or  a  powerful  burning-glass.  The 
beams  in  the  chimneys  of  refineries  and  smelting-houses  get  studded 
with  crystals  of  gold  and  copper ;  and  15  per  cent,  of  the  lead  would 
escape  up  the  vent,  if  not  arrested  in  its  flight.  (See  Dr.  W.  Allen 
Miller's  admirably  lucid  and  most  eloquent  work  on  Chemiainry, 
fourth  edition,  vol.  ii.,  page  312.) 

The  powerful  condensation  of  hydrogen  by  palladium  brought  out 
the  strong  probability  that  palladium,  with  its  occluded  hydrogen^ 
was  really  an  alloy ;  and  as  alloys  have  a  peculiar  set  of  properties 
in  relation  to  those  of  the  metals  which  make  them  up,  Mr.  Graham 
instituted  a  series  of  experiments  to  determine  if  the  compound  of 
hydrogen  and  palladium  had  such  a  class  of  properties — and  he  was 
completely  successful.  The  physical,  chemical,  and  magnetic  pro- 
perties, in  their  relation  alike  to  the  two  components,  and  to  other 
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IK/  ^nflcber  ■'A'^araco.  v.*  hz  ttsEz^  &  irx^  iLLij.  I'lifcT  libs^  &C5  lioz  m 
liicSt  vax^«%7vn:r*:  -viZ  dTrre  off  izTir  fraiL  Ic^Sb.  ii2i£  j^kt?  «cJt 

VESiki  ziCdP^tr^igCTgi.  H«  cid  :kq  obuir  ii  i^  m  BPTAnsf-  ibeiL.  but 
Le  vuKT'\kJjLM  ntkST  of  is  prcwrdsK.  Ii  is  m  iiXuje  ii£i:?€S'  tina 
ff^jtkaBisjXL,  uat  lutkrner  tkaai  ^tsjsrcm^  lite  i^*ms£c  giAilA*  ^sxe  '733. 
It  naasi  be  soiliiL  and  bare  a  viinie  zu!iaLic  ac^^MS.  azia  rz  kiss  paaae« 


Oa  oeeaacA  of  M.  Dsaaa  dEfo-erizsg  ias  jiear  m  London  an 
tflcye  <w  FaradcaT,  a  mcnU  cf  ilds  aI«OT  ^vas  isrock  in  egniafmotm- 
lion  cif  Uae  ereni,  and  in  haoasr  oi  Graham  wbose  diamiei%  lyid 


Ihninf  tibe  fgogicai  cf  ti^  reMarcbes  viiicb  kd  to  tkia  great 
diao>>Terr.  mofAher  iniimas^lT  reiatied  to  it  vas  made  hx  Gtmliam. 
To  estimate  arigbt  tbe  grandeur  and  interest  otf*  both,  -ve  mxLSt  riew 
tL^TQ  in  er/nnectifjin  with  tbe  rereiations  vbidi  tlie  ipectroKope  had 
joat  made  r«gajxiing  the  ecaioitotioncf  the  son  and  stars.  He  knew 
at  this  time  that  platinnm,  ralladiqm.  and  iron  abaorhed  hydrogen 
and  carbonic  oxide — "  hTdrogen  potmhUf  in  %U  ckaneiet  a*  a  wtetaOic 
wipcmr" — and  reflecting  that  if  a  piece  of  iron  heading  oocladed 
vithin  it  carbonic  o^ide^  were  taken  up  by  a  chemist  and  anahrxed, 
it  would  shew  him  in  what  kind  of  atmoaphere  the  metal  had  been 
burnt,  he  began  to  wonder  and  inquire  whether  soli  colloidal  iron 
from  regions  beyond  the  earth  would  be  foond  to  contain  any 
occluded  gas — and  if  so,  the  gas  would  indicate  the  state  of  the 
atmosphere  in  which  that  iron  had  been  burnt.  Now,  metec»TC  iron 
is  crxtra-tellunc;  and  hydrogen  occurred  to  him  as  a  probable  gas, 
inasmuch  as,  shortly  before  this,  the  hydrogen  lines  had  been  detected 
In  the  spectra  of  the  sun  and  certain  fixed  stars,  in  whose  atmospheres 
also  the  incandescent  vapour  of  iron  and  other  terrestrial  elements 
was  known  to  exist.  Does,  then,  meteoric  iron  contain  occluded 
hydrogen,  as  it  ought,  if  burnt  in  a  hydrogen  atmosphere  I  No  time 
was  lost  in  attempting  to  answer  this  question.  He  obtained  a 
specimen  of  the  Lenarto  meteorite — an  iron  pure  and  malleable, 
without  stony  admixture,  and  analyzed  it.  His  conjecture  was  fully 
verified !  Out  of  this  lump  of  meteoric  iron  he  extracted  three  times 
its  own  bulk  of  gas,  collected  it  in  a  tube,  tested  it  as  hydrogen,  and 
burnt  it !  Now,  this  volume  of  gas  is  three  times  as  much  as  that 
which,  under  ordinary  atmospheric  pressure,  can  be  forced  into 
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malleable  iron.  The  metallic  mass,  therefore,  most  last  have  found 
itself  in  a  state  of  ignitioQ  in  a  dense  hydrogen  atmosphere,  whence 
it  was  extruded,  and  for  which  we  must  look  "beyond  the  light 
cometary  matter  floating  about  within  the  limits  of  the  solar  system." 
It  must  have  come  to  ua  from  the  iar-off  regions  of  interstellar  spaoe, 
"  holding  imprisoQed  within  it,  and  bearing  to  us,  the  hydrogen  of 
the  stars ! " 

The  results  of  these  two  inquiries,  in  which  the  train  of  thought 
and  research  pursued  by  Graham  from  the  first  find  their  culmina- 
ting point,  were  as  opportune  in  time  as  they  were  novel  and  grand. 
— The  spectroscope  reveals  the  astonishing  &ct  that  hydrogen  ia 
burning  far  out  amid  the  stellar  spaces.  A  fiery  messenger  from 
thence  reaches  this  speck  of  earth  in  it^  long  and  rapid  flight,  and 
bears  to  the  delighted  vision  of  the  philosopher  a  specimen  of  this 
Tory  hydrogen  of  the  stara,  occluded  in  iron,  as  he  had  imprisoned 
it  in  his  laboratory;  thus  confirming,  by  the  faultless  evidence  of 
weight  and  measure,  the  wondrous  &st-crowding  discoveries  of  the 
spectroscope,  and  attesting,  in  the  wide  dispersion  over  the  universe 
of  the  terrestrial  elements,  the  Creator's  unity  in  working  and 
economy  of  power.  Science  has  rarely  achieved  such  triumphs  as 
these;  and  seldom  has  there  been  a  more  fitting  reward  for  a  life- 
long earnest,  humble  scrutiny  of  Nature's  mysteries,  than  the  halo 
which  they  cast  around  the  last  days  of  Thomas  Graham. 

Other  Deceased  Members. 
Dr.  Mathie  Hamilton  was  long  a  member  of  our  Society,  and 
contributed  papers  to  our  journal.  A  year  or  two  ago,  from 
increasing  infirmity,  he  was  obliged  to  forego  our  meetings,  which 
had  always  been  t4>  him  a  source  of  enjoyment,  and  resign  his 
membership.  His  death  occurred,  however,  in  the  present  year ; 
and  it  must  not  be  that  he  should  pass  away  without  notice  by  ua, 
though  not  a  member  at  the  time  of  his  decease.  Dr.  Hamilton 
was  in  many  ways  a  remarkable  man.  His  energy  and  perse- 
verance were  so  strong  and  untiring,  that  he  rose  superior  to 
difficulties  which  would  have  crushed  most  men.  His  love  of 
nature,  enjoyment  of  natural  scenery,  keen  and  correct  observation 
of  the  aspects  of  nature,  and  the  social  relations  of  the  half-civilized 
races  among  whom  he  long  sojourned,  were  unusually  vivid  and 
accurate,  and  rendered  his  conversation  amusing  and  instructive, 
and  his  contributions  to  our  knowledge  of  much  scientific  interest, 
as  well  as  jmu;tical  value. 
TOL.  VII.— No.  2.  H 
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substances,  clearly  shew  that  the  compoand  is  a  true  alloy.  That 
the  hydrogen  can  nearly  all  be  driven  off  by  a  high  temperature  is 
no  greater  objection  to  its  being  a  true  alloy,  than  the  &ct  that  a 
high  temperature  will  drive  off  zinc  from  brass,  and  leave  only 
copper  remaining.  To  the  metal,  of  which  hydrogen  is  the  vapour, 
Mr.  Graham  gave  the  name  of  Hydrogenium,  in  conformity  with  the 
usual  nomenclature.  He  did  not  obtain  it  in  a  separate  form,  but 
he  ascertained  many  of  its  properties.  It  is  a  little  lighter  than 
potassium,  but  heavier  than  lithium,  the  specific  gravity  being  *733. 
It  must  be  solid,  and  have  a  white  metallic  aspect,  and  it  must  possess 
tenacity,  and  electric  conductivity.  The  alloy  is,  however,  easily 
made.  On  occasion  of  M.  Dumas  delivering  last  year  in  London  an 
eloge  on  Faraday,  a  medal  of  this  alloy  was  struck  in  commemora- 
tion of  the  event,  and  in  honour  of  Graham,  whose  discovery  had 
just  been  completed. 

During  the  progress  of  the  researches  which  led  to  this  great 
discovery,  another  intimately  related  to  it  was  made  by  Graham. 
To  estimate  aright  the  grandeur  and  interest  of  both,  we  must  view 
them  in  connection  with  the  revelations  which  the  spectroscope  had 
just  made  regarding  the  constitution  of  the  sun  and  stars.  He  knew 
at  this  time  that  platinum,  palladium,  and  iron  absorbed  hydrogen 
and  carbonic  oxide — **  hydrogen  possibly  in  its  character  as  a  metaUic 
vapour" — and  reflecting  that  if  a  piece  of  iron  holding  occluded 
within  it  carbonic  oxide,  were  taken  up  by  a  chemist  and  analyzed, 
it  would  shew  him  in  what  kind  of  atmosphere  the  metal  had  been 
burnt,  he  began  to  wonder  and  inquire  whether  soft  colloidal  iron 
from  regions  beyond  the  earth  would  be  found  to  contain  any 
occluded  gas — and  if  so,  the  gas  would  indicate  the  state  of  the 
atmosphere  in  which  that  iron  had  been  burnt.  Now,  meteoric  iron 
is  extra-telluric;  and  hydrogen  occurred  to  him  as  a  probable  gas, 
inasmuch  as,  shortly  before  this,  the  hydrogen  lines  had  been  detected 
in  the  spectra  of  the  sun  and  certain  fixed  stars,  in  whose  atmospheres 
also  the  incandescent  vapour  of  iron  and  other  terrestrial  elements 
was  known  to  exist.  Does,  then,  meteoric  iron  contain  occluded 
hydrogen,  as  it  ought,  if  burnt  in  a  hydrogen  atmosphere)  No  time 
was  lost  in  attempting  to  answer  this  question.  He  obtained  a 
specimen  of  the  Lenarto  meteorite — an  iron  pure  and  malleable, 
without  stony  admixture,  and  analyzed  it.  His  conjecture  was  fully 
verified !  Out  of  this  lump  of  meteoric  iron  he  extracted  three  times 
its  own  bulk  of  gas,  collected  it  in  a  tube,  tested  it  as  hydrogen,  and 
burnt  it !  Now,  this  volume  of  gas  is  three  times  as  much  as  that 
which,  under  ordinary  atmospheric  pressure,  can  be  forced  into 
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malleable  iron.  The  metallic  mass,  therefore,  must  last  have  found 
itself  in  a  state  of  ignition  in  a  dense  hydrogen  atmoephere,  vheuce 
it  was  extruded,  and  for  which  we  must  look  "beyond  the  light 
cometaiy  matter  floating  about  within  the  limits  of  the  solar  system." 
It  must  have  come  to  us  from  the  far-off  regions  of  interstellar  spaoe, 
"  holding  imprisoned  within  it,  and  bearing  to  us,  the  hydrogen  of 
the  stars ! " 

The  results  of  these  two  inquiries,  in  which  the  train  of  thought 
and  research  pursued  by  Graham  from  the  first  find  their  culmina- 
ting point,  were  as  opportune  in  time  as  they  were  novel  and  grand. 
— The  spectroscope  reveals  the  astonishing  &ct  that  hydrogen  is 
burning  far  out  amid  the  stellar  spaces.  A  fiery  messenger  from 
thence  reaches  this  speck  of  earth  in  its  long  and  rapid  flight,  and 
bears  to  the  delighted  vision  of  the  philosopher  a  specimen  of  this 
very  hydrogen  of  the  stars,  occluded  in  iron,  as  he  had  imprisoned 
it  in  his  laboratory;  thus  confirming,  by  the  faultless  evidence  of 
weight  and  measure,  the  wondrous  bst-crowding  discoveries  of  the 
spectroscope,  and  attesting,  in  the  wide  dispersion  over  the  universe 
of  the  terrestrial  elements,  the  Creator's  unity  in  working  and 
economy  of  power.  Science  has  rarely  achieved  such  triumphs  aa 
these;  and  seldom  has  there  been  a  more  fitting  reward  for  a  life- 
long earnest,  humble  scrutiny  of  Nature's  mysteries,  than  the  halo 
which  they  cast  around  the  lost  days  of  Thomas  Graham. 

Other  Deceased  Members. 
Dr.  Mathie  Hamilton  was  long  a  member  of  our  Society,  and 
contributed  papers  to  our  journal.  A  year  or  two  ago,  from 
increasing  infirmity,  he  was  obliged  to  forego  our  meetings,  which 
had  always  been  to  him  a  source  of  enjoyment,  and  resign  his 
membership.  His  death  occurred,  however,  in  the  present  year ; 
and  it  must  not  be  that  he  should  pass  away  without  notice  by  us, 
though  not  a  member  at  the  time  of  his  decease.  Dr.  Hamilton 
was  in  many  ways  a  remarkable  man.  His  energy  and  perse- 
verance were  so  strong  and  untiring,  that  he  rose  superior  to 
difficulties  which  would  have  crushed  most  men.  His  love  of 
nature,  enjoyment  of  natural  scenery,  keen  and  correct  observation 
of  the  aspects  of  nature,  and  the  social  relations  of  the  half^ivilized 
races  among  whom  he  long  sojourned,  were  unusually  vivid  and 
accurate,  and  rendered  his  conversation  amusing  and  instructive, 
and  his  contiributiona  to  our  knowledge  of  much  scientific  interest, 
as  well  aa  practical  value. 
TOL.  VII.— No.  2.  ■ 
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Matbie  Hamilton  was  bom  in  Glasgow,  on  18tb  Marcb,  1793,  and 
died  in  bis  seventj-sixtb  year,  on  tbe  22d  April  last.     His  parents 
and  immediate  relatives  were  in  a  respectable  position  in  life,  and  of 
most  bonourable  descent.      His  motber,   Margaret  Sanderson  or 
Hamilton,  was  fiftb  in  direct  lineal  descent  from  Elizabetb  Elnoz 
or  Welsb,  wife  of  Mr.  Welsb,  parisb  mimster  of  Ayr,  and  third 
daughter  of  tbe  great  Reformer,  by  bis  second  wife,  Lady  Margaret 
Stuart,  younger  daughter  of  the  Lord  of  Evandale  and  Ochiltree, 
second  Lord  of  that  title,  and  one  of  the  distinguished  "  Lords  of 
the  Congregation."     Lord  Evandale's  mother  was  the  Lady  Mar- 
garet Hamilton,  only  child  of  the  Earl  of  Arran;  and  in  this  way 
Dr.    Hamilton's    finmily  interlaced  with    the    ducal  house.     He 
received  his  education  at  Glasgow  College,  for  the  profession  of 
medicine;  and  in  1824,  while  yet  a  student,  published,  under  the 
name  of  '^  Aliquis,"  a  pamphlet  on  the  procuring  of  subjects  for  the 
dissecting  room,  which  received  the  warm  approval  of  several  heads 
of  medical  schools.     The  year  following,  he  became  a  licentiate  of 
the  Faculty  of  Physicians  and  Surgeons  of  this  city,  and  imme- 
diately after  went  out  to  South  America,  as  surgeon  to  the  Potosi 
Silver  Mining  Company.     On  arriving  there,  in  company  with  the 
working  staff,  he  found  that  the  speculation  had  collapsed.     He, 
however,  remained  in  the  country,  and  entered  on  a  general  medical 
practice.     In  this  he  succeeded  beyond  his  expectations,  and  in  a 
few  years  rose  to  the  head  of  the  Medical  Staff  of  the  Peruvian 
Army.     After  remaining  in  Peru  about  seven  years,  he  returned 
home,  and,  instituting  a  suit  against  a  member  of  the  Company, 
received  compensation  for  breach  of  contract.     This  and  his  other 
means  he  invested  in  house  property  in  this  city;  but  finding  its 
management  annoying  to  him,  he  sold  it  all  off,  and  returned  to  Peru. 
Here  he  was  well  received  by  his  former  friends,  and  again  enjoyed 
an  extensive  medical  practice.     About  1840  he  returned  home,  and 
took  out  here  his  degree  of  M.D.     During  his  residences  in  Peru, 
he  visited  many  parts  of  the  interior,  and  at  other  times  made  short 
excursions  from  Tacuna  and  Arica  into  the  desert  and  mountain 
regions.     Having  a  good  knowledge  of  physical  geography,  geology, 
and  meteorology,  his  observations  possess  a  real  value,  addinir  some- 
thing  to  our  ^owledge  of  these  wUd  regions  and  thr^Bcanty 
populations.    His  contributions  to  medicine  and  the  natural  sciences 
were  made  through  the  Wemerian  Society,  the  British  Association, 
and  our  own  Society.     Some  things  were  published  independently. 
To  the  Wemerian  Society  he  contributed  a  paper  ''  On  the  larger 
Quadrupeds  of  South  America — ^the  Llama,  Alpaca,  Vicuna,  and 
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Gaanaco."  It  contains  mncli  interesting  information  respecting 
tiieir  Imbits,  and  valuable  suggestions  for  their  preservation,  which 
were  embodied  in  a  representation  to  the  native  government,  and 
had  a  good  effect.  Under  the  ancient  Incaa,  these  creatures  were 
hunted  into  inclosures,  bj  men  and  dogs  encircling  a  wide  area, 
and  gradually  drawing  inwards.  They  were  thus  eaaily  caught, 
shorn  of  their  wool,  and  again  let  free,  to  be  again  collected  and 
shorn,  as  we  do  with  our  sheep.  But  the  modem  Indians  and 
Spaniards  "  kill  the  goose  to  get  the  golden  egg."  They  hunt  the 
animals  in  the  same  way,  but  make  wholesale  slaughter  for  the  sake 
of  the  skin, — the  reason  assigned  to  Dr.  Hamilton  being,  that  tie 
merchants  gave  a  much  higher  price  for  the  skin,  because  the  wool 
cannot  then  be  mixed  with  an  inferior  kind.  Dr.  Hamilton's 
BUggeations  led,  I  believe,  to  conservative  measures  on  the  part  of  the 
government  in  r^ard  to  these  animals.  With  our  own  Government, 
and  our  representatives  in  those  countries.  Dr.  Hamilton  also  had 
several  communications  in  relation  to  the  political  and  so<aal  ques- 
tions of  the  time. 

Not  &r  from  the  scene  of  Dr.  Hamilton's  first  labours  there  ezieta 
one  of  the  most  remarkable  lakes  in  the  world.  It  is  13,000  feet 
above  the  sea,  150  miles  long,  70  broad,  and  of  enormous  depth. 
From  its  southern  extremity  a  river  takes  its  course,  of  200  miles, 
into  another  lake,  60  miles  long  and  15  to  20  miles  broad.  Both 
are  of  fresh  water;  but  there  is  no  outlet  for  it — an  exception 
to  the  law  which  holds  in  other  parts  of  the  world,  that  the 
water  of  closed  basins  is  always  salt.  Now,  the  &ct  observed 
hj  Dr.  Hamilton  is  this,  —  that  a  river  not  noticed  by  any 
traveller,  or  laid  down  on  any  map,  issues  from  the  south  end 
of  the  southern  lake;  and  as  evaporation  is  very  trifling  over 
the  whole  region^-a  feet  fully  established  by  observations  which  Dr. 
Hamilton  records — this  river  cannot  be  thus  absorbed ;  but  it  cannot 
issue  in  any  direction  to  the  sea  in  an  open  channel,  frvm  the 
inclosed  nature  of  the  country ;  therefore  must  it  descend  into  rocky 
caverns,  whence  it  may  again  come  out  to  the  day  far  down  beneath 
the  mountains,  and  so  find  its  way  to  the  Pacific.  If  this  hypothesis 
be  correct — and  it  certainly  seems  in  the  highest  degree  probable — 
then  the  great  Andean  basin  is  not  really  closed,  and  thus  is  not  an 
exception  to  the  geographical  law.  As  the  Mississippi  is  the 
"  Mother  of  waters,"  so,  said  Dr.  Hamilton,  is  this  great  lake 
"Titicaha"  the  "Father  of  waters" — and  not,  as  it  is  always 
■pelt,  Titicaca,  which  has  a  leas  pleasing  and  less  poetio  meaning. 
Aullagaa  is  the  name  of  the  leuer  lake.     A  descriptive  account 
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of  this  region  is  published  in  our  Trcmaactiona.  In  the  Edin- 
burgh New  PhUoaophicaZ  Journal  for  January,  1841,  Dr.  Hamilton 
published  a  paper  "  On  Earthquakes  in  the  Western  Parts  of 
.  South  America  " — a  valuable  contribution,  as  being  from  the  pen 
of  a  scientific  man,  who  was  an  eye-witness  of  several  of  the  ter- 
rible visitations  in  1833  and  1834.  An  essay  "  On  the  Intermittent 
Fever  of  Peru "  was  published  in  this  city,  in  a  separate  form,  in 
1842.  In  the  report  of  the  British  Association  for  1852,  there  is 
a  paper  by  Dr.  Hamilton  "  On  the  Lobos  Islands  of  Peru,"  noted 
for  their  guano ;  and  '*  Notices  on  Earthquakes,"  in  the  volumes  for 
1860  and  1854.  Under  the  signature  of  "Aliquis,"  used  in  his 
earliest  production,  Dr.  Hamilton  contributed  a  number  of  articles 
to  the  Glasgow  Heraldy  in  relation  to  "Old  Glasgow,"  after  the 
manner  of  the  well-known  articles  of  "  Senex,"  on  the  same  subject. 
Portions  of  these  sketches  have  been  published  in  a  work  entitled 
Glasgow  Past  and  Present 

Mr.  Neil  Robson  was  bom  in  the  district  of  Galloway  in  1807. 
At  that  time  his  father  was  factor  to  a  nobleman  in  the  county,  but 
soon  after  became  occupier  of  a  farm  on  the  Eglinton  estates,  in 
Ayrshire.  Mr.  Robson  was  educated  at  the  Irvine  Academy,  a 
school  which  has  gained  a  well- deserved  celebrity  for  its  able  teachers 
and  successful  pupils.  At  the  early  age  of  seventeen  he  started  in  life 
as  apprentice  to  the  profession  of  civil  and  mining  engineering,  under 
the  late  Mr.  Smith,  C.E.,  of  this  city.  On  the  expiry  of  his  term  of 
service,  he  began  business  on  his  own  account,  and  continued  it  for 
nearly  thirty  years,  with  constant  employment  and  eminent  success. 
In  1838  he  married  Miss  Agnes  Merry,  daughter  of  the  late  Mr. 
James  Merry,  by  whom  he  had  a  family  of  five  children.  In  1860, 
by  request  of  the  firm  of  Messrs.  Merry  &  Cuninghame,  ironmasters, 
he  resigned  business,  and  assumed  the  management  of  their  extensive 
works ;  soon  after  he  became  a  partner  in  the  firm.  His  son,  Mr. 
Robert  Robson,  and  Messrs.  Forman  <Ss  M'Call,  succeeded  to  his 
business.  His  son,  however,  soon  withdrew  from  the  partner- 
ship, and  became  a  coalmaster.  Mr.  Robson  died,  after  a  short 
illness,  in  February  last,  at  the  early  age  of  sixty-one.  Among  the 
larger  works  which  he  executed,  I  may  mention  the  Glasgow,  Barr- 
head, and  Neilston  Railway,  the  General  Terminus  Railway,  the  Cale- 
donian and  Dumbartonshire  Railway,  the  Glasgow  and  Helensburgh, 
and  the  Lesmahagow  Railways.  The  suspension  bridge  over  the 
Clyde,  in  Glasgow  Green,  is  also  of  his  construction, — as  is  also  the 
great  diagonal  bridge  on  the  Barrhead  Railway,  near  the  South  Side 
Park.      His  knowledge  of  our  local  geology  was  extensive  and 
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accurate;  and  vast  numbers  of  borings  were  undertaken  on  his 
recommendation,  very  rarely,  indeed,  without  success.  He  was  a 
leading  Director  of  the  Greenock  and  Ayrshire  Eailway,  and  for  seven- 
teen years  Director  and  Deputy-Governor  of  the  Forth  and  Clyde 
Navigation  Company.  Constantly  engaged  in  a  laborious  profession, 
which  kept  him  much  away  from  home,  he  had  little  leisure  for 
literary  composition;  and  the  only  production  that  I  know  of  which 
emanated  from  his  pen,  is  an  able  and  judicious  pamphlet  on  the 
"  Navigation  of  Canals  by  Screw  Steamers.'*  He  was  a  member  of  the 
Institution  of  Civil  Engineers  in  London,  and  of  the  Mining 
Institute  of  the  North  of  England, — ^the  meetings  of  which  he  often 
attended,  and  took  part  in  the  proceedings. 

Mr.  John  Ure,  a  member  of  this  Society  almost  from  its  origin  up 
till  the  time  of  his  death,  on  the  18th  of  November  last,  was  bom  in 
this  city  on  September  22,  1796.  He  was  educated  in  Clugston's 
school,  in  St.  Andrew's  Square ;  and,  having  a  taste  for  mechanics 
and  chemistry,  he  attended  at  an  early  period  the  scientific  lectures 
in  Anderson's  University,  which  have  without  doubt  been  the  first 
beginnings  of  mental  activity  to  multitudes  to  whom  science  woidd 
never  otherwise  have  reached.  This  taste  abode  with  him  through- 
out a  long  life,  which  was  divided  between  pursuits  of  this  kind  and 
the  benevolent  labours  of  a  sincere  and  humble  Christian.  He 
succeeded  to  his  father's  business  of  a  calenderer  at  an  early  age ;  but 
as  it  was  long  established,  and  he  had  a  partner,  he  was  little 
occupied  with  it,  and  he  was  left  free  to  pursue  more  kindred 
objects,  in  the  society  of  several  friends  of  like  tastes.  Mr.  Ure 
had  the  greater  leisure  for  such  pursuits,  as  he  retired  from  business 
more  than  twenty  years  ago.  His  only  invention,  that  I  know 
of,  is  a  machine  for  the  ventilation  of  public  buildings  and  factories, 
which  I  believe  to  have  been  very  successful,  and  of  which  an 
account  will  be  found  in  the  third  volume  of  our  Transactions. 

Dr.  George  Robertson,  who  died  on  the  11th  July  last,  in  his 
sixtieth  year,  was  a  native  of  Paisley.  He  was  educated  for  the  pro- 
fession of  medicine  at  our  University.  He  was  licensed  to  practice 
in  1836,  and  took  the  degree  of  M.D.  in  1840.  His  first  appoint- 
ment was  the  charge  of  the  South  Albion  Street  Fever  Hospital ; 
after  which  he  held  a  Like  office  in  Dundee.  Betuming  thence,  he 
opened  Consulting  Rooms  in  Glassford  Street,  and  acquired  celebrity 
in  operations  for  strabismus j  or  squint,  cutting  for  that  defect  having 
come  into  vogue  about  1844.  He  was  fearless  as  an  operator, 
generally  successful,  and  was  resorted  to  from  all  quarters, — more 
especially  as  he  exacted  no  fee  from  those  who  made  any  difficulty 
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about  paying.  For  other  diseaseSy  also,  lie  gave  gratuitous  advice, 
and  his  rooms  were  largely  visited.  One  who  knew  him  well  has 
declared  that  the  poor  were  ever  attended  to  with  the  most  tender 
encouraging  sympathy  and  kindness,  and  medicines  given  away 
with  unsparing  liberality.  We  all  know  the  distinguished 
benevolence  towards  the  poor  manifested  by  the  medical  profession 
of  this  city.  Among  them  he  was  a  conspicuous  example;  and 
this  shoidd  be  ever  mentioned  in  honour  of  his  memory.  Its 
spring  was  in  his  large  heart  and  generous  sympathies ;  to  gratify 
these  and  do  good,  was  his  delight.  Doubtless,  on  some  occasions, 
this  kindness  was  carried  to  excess,  and  became  injurious  to  the 
objects  on  whom  it  was  bestowed;  but  no  one  ever  doubted  his 
motives.  It  was  this  excess  of  kindness  alone,  and  no  default  in 
attendance  or  doubt  of  his  skill,  that  produced  those  differences 
between  him  and  the  Directors  of  one  of  our  public  charities  which 
led  to  his  resignation  of  the  important  post  which  he  there  held. 
For  a  good  many  years  he  enjoyed  a  large  and  lucrative  practice ; 
yet  he  ever  found  time  for  his  labours  of  love  amongst  the  ailing  poor. 
His  memory  will  long  be  held  by  them  in  grateful  remembrance. 
Dr.  Robertson's  married  life  was  of  short  duration,  his  wife  having 
died  in  1848.  His  life  thereafter  was  very  solitary,  as  he  had  no 
children,  or  near  relative,  who  could  reside  with  him. 


DISCUSSION  ON  PATENTS  FOR  INVENTIONS. 

The  subject  of  Patents  for  Inventions  was  discussed  at  three 
successive  meetings  of  the  Society,  to  which  were  invited  a  number 
of  eminent  inventors,  engineers,  manu&cturers,  patentees,  and 
others  interested  in  the  question  of  continuing  or  discontinuing 
the  protection  of  inventions.  The  discussion  having  extended  to 
an  unexpected  length,  the  statements  of  the  respective  speakers  are 
necessarily  given  in  abstract  in  the  following  report. 

December  1,  1869. — Mr.  St.  John  Vincent  Day,  at  the  request 
of  the  Council,  introduced  the  subject.  After  some  prefatory 
remarks,  he  proceeded : — 

I  deem  it  necessary  to  say  a  few  words  at  the  outset  as  to 

the  origin  of  patents  for  inventions,  for  this  will  in  the  speediest 

way  enable  us  to  perceive  clearly  the  true  spirit  of  such  grants. 

Patents  for  inventions  constituted    one    link    in    the    chain    of 

privileges  of  monopoly  which  the  Crown,  from    ancient   times, 
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enjoyed  the  prerogative  of  bestowing  on  any  of  its  subjects;  and 
this  right  of  the  Crown  was  exercised,  we  know  certainly,  as  long 
ago  as  the  period  of  the  early  Tudor  sovereigns;  but  in  the  reign 
of  Elizabeth,  the  royal  privilege  was  so  grossly  abused  that  the 
state  policy  and  right  of  the  Crown  in  this  respect  were  disputed. 
The  action  which  the  Queen  herself  then  carried  out  in  cancelling 
the  obnoxious  monopolies,  and  the  satisfaction  which  she  thus 
afforded  the  nation,  are  so  well  known  that  I  need  not  dwell  on  them. 
It  is,  however,  most  important,  in  dealing  with  this  subject,  to 
bear  in  mind,  that  not  against  monopoly  in  the  exclusive  right 
conferred  by  patents  for  inventions  was  the  public  voice  clamorous 
— indeed,  it  is  only  during  the  last  few  years  of  our  own  time 
that  the  policy  of  such  grants  has  been  questioned — but  against 
monopolies  and  exclusive  privileges  for  special  trades,  and  by 
which  grievous  injury  was  done;  indeed,  the  national  policy,  to  say 
nothing  of  the  individual  advantages  of  granting  patents  for  inven- 
tions, has  always  been  most  powerfully  upheld. 

In  the  succeeding  reign  of  James  I.,  the  royal  favour  was  again 
so  grossly  abused  and  unduly  exercised,  that,  in  1623,  the  Parlia- 
ment which  then  met  demanded  from  the  King  that  all  monopolies 
established  by  royal  authority  shoidd  be  null  and  void ;  and  such 
was  the  effect  of  the  representation  of  the  House  of  Commons  then 
sitting,  that  the  King  was  forced  to  consent — the  result  being  the 
passing  of  a  celebrated  measure,  commonly  known  as  **  The  Statute 
of  Monopolies,"  in  the  twenty-firgt  year  of  James  I.  This  statute 
enacted  that  all  monopolies,  grants,  and  letters  patent,  for  the  sole 
huyingy  seUingy  making,  working,  or  using  of  anything  within  the 
realm,  were  contrary  to  the  laws  and  void;  but  whilst  most 
stringent  in  other  respects,  it  excepted  all  letters  patent  and  grants 
of  privilege  for  the  term  of  twenty-one  years  then  existing,  and 
those  for  fourteen  years  or  under  thereafter  to  be  made,  "  for  the 
sole  working  or  making  of  any  manner  of  new  manufactures  within 
the  realm  to  the  true  and  first  inventor  and  inventors  of  such 
manufaxitures,  which  others  at  the  time  of  making  such  letters 
patent  and  grants  should  not  use,  so  as  also  they  he  not  contrary  to 
iks  lano  Tuyr  mischievous  to  the  State,  by  raising  prices  of  comm^xiiHes 
ai  home,  or  hurt  of  trade,  or  generaUy  inconvenient,^^ 

Nothing  can  be  clearer  than  the  last  words  of  the  foregoing 
clause,  that  the  framers  of  the  statute  had  in  view  the  overthrow, 
for  all  time  to  come,  of  all  those  patents  which  at  the  time  were  in 
existence,  or  might  afterwards  be  granted;  also,  the  refusal  to 
sanction  any  subsequently  applied  for,  which  in  an^  ^^i-y  ^^t^  ^t 
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miglit  be  productive  of  harm,  either  individually  or  nationally, 
which  were  not  new,  or  were  applied  for  by  some  other  or  others 
than  the  "  first  and  true  inventor."  A  careful  investigation,  too,  of 
the  clause  further  develops  the  underlying  contingency — that  in 
order  to  create  such  monopolies  in  no  inventions  but  what  were 
absolutely  novel  and  advantageous,  and  to  no  other  than  the  first 
and  true  inventor,  the  necessity  was  involved,  prior  to  making  the 
grant,  of  instituting  a  stringent  scrutiny  of  all  such  applications  for 
the  exclusive  privilege  of  a  patent.  Whilst,  then,  this  was  the  true 
spirit  or  essence  of  the  statute,  yet  it  was  imperfect,  in  that  no  provi- 
sion was  made  for  the  proper  examination  of  the  applications  prior  to 
the  letters  patent  being  allowed;  indeed,  so  imperfect  was  the 
provision  for  carrying  out  the  true  spirit  of  the  law,  and  in  practice 
80  far  was  it  firom  being  acted  up  to,  that  the  State  was  usually  kept 
in  entire  ignorance  of  the  true  nature  of  what  the  applicant's 
alleged  invention  really  was,  as  proved  by  the  fact  that  the  first 
specification  enrolled  bears  date  as  late  as  October  3,  1711.*  This 
defect,  then,  led  the  way  to  disputes  as  to  the  validity  of  several 
patents,  and  hence  patent  litigation  became  established,  because  it 
was  the  only  course  sanctioned  by  the  Legislature  by  which  the 
genuineness  of  the  invention  and  its  novelty  at  the  time  of  making 
the  grant,  according  to  the  spirit  of  the  statute,  could  be  deter- 

*  It  is  well  to  mention  here,  in  order  to  make  clear  a  point  on  which  great 
confusion  exists— namely,  that  the  letters  patent  and  specification  are  two  dis- 
tinct documents — that  the  letters  patent  do  not  describe  the  invention,  but 
the  title  merely  under  which  it  is  set  forth  in  the  specification.  The  letters 
patent  bearing  the  Great  Seal  have  always  been  used  by  the  Crown  in  making 
a  grant  to  an  inventor;  and  before  the  year  1711,  the  inventor  was  merely 
required  to  declare  his  invention  by  a  very  vague  inventory.  These  inventories 
have  recently  been  collected  together  in  a  volume  by  Mr.  Dircks. 

The  following  note  respecting  the  origin  of  enrolling  specifications  of  patent 
inventions  is  from  the  Report  of  the  Select  Committee  of  1829,  page  170: — 

*'  Near  the  end  of  the  reign  of  Queen  Anne  it  became  the  custom  to  insert  a 
proviso  into  all  patents,  to  oblige  the  patentee  to  execute  a  complete  specifica- 
tion of  the  invention  for  which  the  patent  was  granted,  and  also  to  enroll  the 
same  in  the  Court  of  Chancery,  within  a  specified  time  after  the  date  of  the 
patent.  Before  that  time,  the  patentee  was  not  called  upon  for  any  specifica- 
tion ;  Mr.  Savery*s  patent  of  1698  has  no  such  clause.  The  inconveniences  of 
giving  the  patentee  a  privilege,  without  defining  the  object  to  which  it  extended, 
are  obvious;  nor  could  the  public  have  had  any  security  for  obtaining  the 
invention  at  the  expiration  of  the  patent.  The  authority  by  which  this  dause 
was  introduced  does  not  appear.  It  was  not  a  Parliamentary  measure.  When 
Parliament  gave  a  reward  to  Sir  Thomas  Lombe,  in  1732,  for  silk  machinery, 
A  model  was  deposited  in  the  Tower  of  London,  where  it  still  remains.** 
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mined.  Another  result  of  this  great  oversight  of  the  framers  of  the 
statute  has  been  that,  from  time  to  time,  numerous  deceptive  and 
positively  obnoxious  patents  have  been  and  still  continue  to  be 
granted.  It  is  a  £bu^,  that  not  only  are  letters  patent  granted  for  the 
same  thing  over  and  over  again,  but  frequently  for  the  most  absurd 
and  impracticable  projects;  and,  what  is  even  worse,  numerous 
patents  are  every  year  granted  which  infringe  existing  rights, 
which  infringe  unexpired  patents  in  many  cases  for  precisely  the 
same  thing.  In  illustration  of  this,  I  could  point  you  to  one  or 
two  notorious  instances  without  going  far  from  these  walls.  Nor 
is  this  avoidable,  without  a  strict  examination  into  the  specification 
and  claims  of  every  patent  before  it  is  allowed. 

Since  the  passing  of  the  first  statute,  on  which  letters  patent  for 
inventions  are  based,  the  law  has  been  several  times  amended,  and 
held  to  extend  to  improvements  in  existing  processes,  manufactures, 
machines,  and  so  on ;  experience  having  pointed  out  that,  whilst 
absolutely  "  new  manufactures  "  or  processes  are  of  rare  occurrence, 
improvements  of  vast  importance  in  or  upon  existing  manufiaxitureB, 
processes,  or  machines,  are  very  numerous;  and  as  late  as  1852,  the 
Amendment  Act  under  which  we  are  now  working  came  into  force. 
That  Act  contains  provisions  for  the  examination  of  the  documents 
accompanying  each  application  for  letters  patent ;  yet  the  examina- 
tion, based  on  a  mere  outline  of  the  invention,  is  of  such  a  nature 
as  not  to  afford  any  certainty  whatever  that  the  letters  patent 
granted  are  valid.  It  is,  in  fact,  a  "  look  through,"  by  one  of  the 
law  officers  of  the  Crown,  of  the  provisional  specification  accompany- 
ing the  petition, — a  document  which  usually  in  a  meagre  way  sets 
forth  the  nature  and  objects  of  the  invention,  without  minutely 
detailing  how  it  is  put  into  practice,  and  according  to  the  informa- 
tion contained  in  which  the  law  officer  may  either  grant  or  refuse, 
or  require  the  applicant  to  amend  it ;  whilst,  as  regards  the  all- 
important  document,  the  specification  itself,  the  inventor  is  left  to 
his  discretion,  for  with  it  the  Crown  does  not  interfere  until  tested 
in  the  law  courts.  It  is  perhaps  hardly  necessary  to  add  that 
this  freedom,  in  the  hands  of  an  unscrupulous  patentee,  is  often 
most  unfairly  taken  advantage  of,  by  enabling  him,  on  the  one  hand, 
to  file  such  a  specification  as  conveys  no  exact  notion  of  the 
particular  invention,  or,  on  the  other  hand,  to  make  claims  for  that 
to  which  he  is  not  entitled;  indeed,  leaving  it  to  the  patentee's 
discretion  whether  to  define  his  invention  by  claims  or  not ;  and 
thus  aiding  the  patentee  to  extort  royalties  which  legally  are  not 
due,  merely  because  in  so  many  instances  manufactur^T^^  «xA  ^\)ckKt^ 
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who  lue  tlie  patent,  cannot  afibrd  the  time  and  money  to  dispnte 
the  validity  of  a  vested  right.  This  liberty,  as  to  the  chums  of  % 
patent  specification,  is  undoubtedly  the  cause  of  oppression  and 
extortion  to  a  most  unjust  extent,  and  to  obviate  it  must  be  one  of 
the  provisions  in  an  amended  h&w. 

I  repeat,  then,  that  the  true  spirit  in  which  letters  patent  for 
inventions  were  originally  devised,  has  never  been  acted  up  to. 
Doubtless,  too,  under  the  past  and  present  state  of  administering  the 
law,  and  in  later  times,  under  the  Patent  Office,  this  true  spirit  could 
not  be  enforced  at  the  time  of  making  the  application;  but  it 
remains  yet  to  be  shewn  whether,  by  an  efficient  employment  of 
the  means  at  our  disposal,  the  novelty  of  each  allied  invention, 
for  which  letters  patent  are  applied,  cannot  be  so  is^  determined,  as 
to  stamp  it  at  once  with  so  considerable  an  approach  to  validity  or 
otherwise,  that  the  grounds  on  which  letters  may  be  granted  or  refused 
shall  seem  so  reliable,  that  the  public  may  feel  so  much  confidence 
in  what  is  granted  or  refused,  as  will  place  both  it  and  the  inventor 
on  a  much  surer  footing  than  they  now  occupy.  If  proof  be  wanted 
that  this  may  be  effected,  I  have  but  to  refer  to  the  American  Patent 
Office,  where  on  the  average  about  20,000  patents  are  applied 
for  every  year;  and  the  Chief  Commissioner,  Fisher,  has  recently 
reported  that  out  of  every  three  applications  one  is  refused.  Such  is 
the  result,  in  that  country,  of  the  careful  examination,  with  reference 
to  pre-existing  documents  and  existing  patents,  which  each  specifica- 
tion undergoes,  before  the  letters  patent  are  allowed.*  There  is  no 
country  in  the  world  wherein  the  rights  of  inventors  are  so  carefully 
guarded  by  the  State  as  in  America.  The  examination  which  the 
invention  undergoes  before  being  allowed,  stamps  it  with  so  large 
a  degree  of  certainty,  that  infringement  is  reduced  to  a  minimum, 
and  the  right  of  property  is  duly  recognized.  If  all  this  good 
result,  then,  is  effected  in  a  country  where  at  least  five  times  the 
number  of  applications  are  yearly  made  that  are  made  in  the 
whole  of  Great  Britain  and  Ireland,  surely  our  eyes  cannot  be  shut 
to  the  duty  which  lies  before  us  of  using  our  endeavours  to  promote 
some  such  course  at  home.     The  American  system,  too,  is  attended 

*  In  the  Report  of  Hon.  S.  S.  Fiaher,  Commissioner  of  Patents,  for  the  year 
ending  September  30, 1869,  the  following  figures  appear :— Receipts,  $686,38a62 ; 
expenses,  $472,462.60;  excess  of  receipts,  $213,962.02;  applications  for  patents, 
19,360;  caveats,  3,686;  applications  for  extensions,  153;  extensions  granted,  125; 
patents  issued,  13,672;  patents  issued,  but  withheld  for  the  payment  of  final 
fees,  899.  The  number  of  patents  issued  daring  the  year  Ib  481  less  than  daring 
the  previous  year. 
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with  &r  less  expense  than  our  own, — ^it  being  a  very  wise  provision 
in  the  Act  of  Congress,  that  the  expenses  of  the  Patent  Office  shall 
not  exceed  the  receipts ;  indeed,  it  is  but  just  that  if  inventors  are 
to  give  their  time,  labour,  and  means,  in  working  for  the  national 
good,  that  the  portion  which  they  pay  to  the  State  in  appropriating 
the  invention  to  themselves  for  a  limited  period,  should  by  the  State 
be  expended  in  rendering  the  property  or  right  conferred  for  that 
period  as  secure  as  possible.  In  Great  Britain,  however,  there  is 
every  year  an  enormous  surplus  from  Patent  Stamp  duties, — 
between  £40,000  and  £50,000  sterling,  directly  contributed  by 
inventive  talent.  This  is  paid  into  the  Treasury,  in  place  of  being 
used  for  the  benefit  of  the  inventor,  as  it  ought  to  be ;  indeed,  it  is 
not  too  much  to  say,  that  if  the  present  Commissioners  of  Patents 
were  provided  with  a  sufficient  number  of  practical  and  scientific 
examiners,  one  with  assistants  being  appointed  to  take  charge  of 
each  class  of  invention,  that  with  the  magnificent  library  and  collec- 
tion of  documents  which  the  State  possesses,  placed  in  a  suitable 
building  where  all  would  be  accessible  for  use,  patent  property 
would  be  as  safe  here  as  it  is  in  America,  infringement  would  be 
reduced  to  a  minimum,  and  interfering  patents  would  not  exist. 
The  great  thing  to  be  ascertained  by  such  examiners  is  the  nowUy; 
it  would  be  absurd  to  expect  them  to  determine  whether  the  patent 
should  be  allowed  or  not  on  the  ground  of  its  value  or  insignificance. 
That  can  never  be  known  until  it  is  put  to  the  test  of  practice ;  but 
one  thing  is  clear,  that  several  very  foolish  patents  which  are  yearly 
applied  for — absurdities,  such  as  machines  for  producing  perpetual 
motion,  flying  in  the  air,  <bc. — would  by  such  a  system  be  per- 
emptorily refused. 

(Mb.  Day  then  adverted  to  the  eflbrt  for  abolition  lately  made 
in  the  House  of  Commons,  and  the  prospect  of  its  being  repeated; 
and  after  referring  to  the  obligation  devolving  upon  the  Society, 
from  the  character  of  many  of  its  members  as  inventors,  patentees, 
and  men  of  science,  to  resist  such  attempts,  addressing  the  President, 
he  continued : — ) 

The  remarks,  Sir,  which  fell  from  you  in  your  recent  inaugural 
address,  wherein  you  stated  the  necessity  of  protection  to  inventive 
talent,  gave  a  pretty  clear  expression  of  the  views  which  we  know 
to  be  held  generally  by  those  who  have  given  themselves  to  deal 
fidrly  with  the  subject;  neither  did  the  President  of  our  kindred 
Institution — the  Institution  of  Engineers  in  Scotland — omit  to 
state,  in  very  decided  terms,  expressions  of  a  like  nature;  and 
certainly  what  has  fallen  from  both  may  be  taken  %&  t2ii^  \xA<&':l  ^1 
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fact,  and  decidedly  exponential  of  the  reception  with  which  any 
proposals  for  patent  abolition  will  be  met  on  **thia  side  the  Tweed." 

Let  US,  then,  examine  into  the  abolitionist's  stronghold,  upon 
which  he  seeks  to  destroy  the  rights  of  inventors.  He  starts  upon 
the  assertion  'Hhat  they  are  monopolies;  that,  as  such,  they  are 
odious  and  hurtful,  are  noxious  weeds  in  the  fair  field  of  industry, 
clogs  on  the  smooth  wheels  of  commerce."  The  abolitionist 
body,  which  does  not,  I  believe,  number  many  really  significant 
names,  contains  some  gentlemen  who  have  profited  largely  in 
business,  partly  from  having  adopted  some  most  important  patented 
apparatus,  but  who,  in  some  of  their  connections  with  patents,  not 
having  been  quite  so  fortunate  as  they  desired,  proceed  at  once, 
from  their  own  special  case,  to  condemn  the  entire  policy  of  a  patent 
law. 

The  abolitionist  party  does  not  deal  in  £Btcts  at  all  that  are  of  the 
least  weight  from  a  national  point  of  view;  and  we  must  remember 
that  it  is  far  more  of  a  national  than  an  individual  matter  which 
we  are  met  to  discuss ;  and  let  us  not  forget  to  sink  individual  con- 
siderations, as  of  second  importance  to  those  which  afiect  us  as  a 
nation.  The  abolitionists  take  it  up  as  a  manufacturer's  question 
solely;  they  deal  only  with  theory  unsupported  by  facts,  whilst  they 
have  not  looked  at  the  matter  at  all  from  an  opposite  point  of  view. 
They  suppress  all  evidence  fiavourable  to  views  opposed  to  that  of 
abolition.  In  short,  the  abolitionists  are  fighting  for  the  manu- 
facturer, and  against  the  public — the  nation — and  therefore  their 
denunciations  are  groundless,  idle,  the  mere  assertions  of  unsound 
fancies.  I  think  I  may  truly  say,  without  offence  to  any  one,  that 
we  challenge  those  gentlemen  to  point  out  a  single  fact  brought  for- 
ward in  any  part  of  the  evidence  before  the  Royal  Commission,  that 
in  the  least  degree  bears  against  the  policy  of  patents,  or  exhibits 
their  alleged  injury  to  trade  and  commerce;  and  we  may  further 
challenge  the  abolitionists  to  shew,  on  trustworthy  grounds,  one 
single  point  in  all  that  has  been  written  or  said,  which  is  other 
than  direct  proof  of  the  national  as  well  as  individual  importance  of 
a  judiciously  administered  patent  law. 

Let  us  now  consider  some  of  the  grounds  upon  which  the  abolition 
of  patents  for  inventions  is  urged.  On  the  ground  of  what  the 
abolitionists  call  "natural  rights"  of  property  in  invention,  it  is 
declared  an  inventor  has  but  two  "  natural  rights,"  the  right  to  use 
his  invention  and  the  right  to  conceal  it;  and  that,  while  the  State 
is  bound  to  protect  the  inventor  in  the  free  exercise  of  his  right  of 
use,  it  should,  on  the  other  hand,  *' maintain  the  tuUural  right  qfcUl 
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iti  'cUiaena  to  do  whatever  they  phase,  provided  it  wromge  nobody T  I 
humbly  ask  for  evidence  shewing  that  the  use  of  another's  invention 
— which  we  well  know  in  every  case  has  cost  the  inventor  much 
time  and  labour  to  bring  into  a  practical  condition,  and  in  most 
cases  has  also  cost  him,  in  addition  to  his  time  and  labour,  a  serious 
sum  of  money — I  ask  the  abolitionist  to  shew  how  its  free  use 
by  the  public  would  wrong  nobody?  Would  not  the  inventor  be 
wronged  1  Would  he  not  be  positively  and  most  cruelly  cheated  % 
Has  the  abolitionist  made  himself  aware  of  any  of  the  numerous 
cases  of  inventors  who  were  thus  robbed  of  the  fruit  of  whole  years 
of  labour,  when,  under  the  old  law,  the  obtainment  of  patents  was 
so  costly  that  none  but  capitalists  could  embark  in  them?  Does 
the  abolitionist  call  to  mind  the  numerous  cases  of  men  who  have 
benefited  the  world  so  largely  by  their  inventions,  but  who,  for 
want  of  proper  protection  being  secured  to  them,  were  frequently 
reduced  to  starvation  and  even  death,  and  yet  say  that  these  men 
were  rightly  dealt  with  ?  Inventors  may,  indeed,  be  thankful  that 
in  later  times,  under  the  amended  patent  laws,  their  rights  are  more 
efficiently  recognized  than  they  were  in  the  past  darker  ages.  To 
talk  of  patents  being  wrong  because  they  confer  a  monopoly,  and  are 
opposed  to  "natural  rights,"  is  simply  to  talk  nonsense. 

Indeed,  if  we  are  to  deal  at  all  with  this  side  of  the  question,  I 
should  say,  and  know  well  the  majority  will  say  with  me,  that  every 
invention  is  "  by  nature "  a  monopoly,  whether  we  have  a  patent 
law  or  not;  because,  in  the  very  nature  of  mental  planning  and 
origination,  every  invention  is  the  inventor's  own  possession  eoUly 
as  long  as  he  chooses  to  confine  the  knowledge  of  it  to  himself  for 
his  own  behoof  and  benefit,  or  to  any  number  of  others  for  their 
joint  behoof  and  benefit.  Yet  experience  on  all  hands  i)roves  that 
inventive  monopoly  of  this  nature,  that  is  to  say,  secretly  employed, 
is  productive  of  the  least  advantage  to  the  inventor,  and  is  not  un- 
frequently  injurious  to  the  public,  and  I  should  like  the  abolitionist 
to  point  out,  if  he  can,  that  by  the  patent  system  both  inventor  and 
public  are  not  immensely  benefited,  for  he  must  show  that  amongst 
numerous  other  disadvantages,  if  he  expects  an  inventive  British 
nation  to  assent  to  his  dictum  of  total  abolition. 

The  framers  of  the  law  most  wisely  devised  it  so  that  the  maximum 
advantage  should  be  secured  to  the  nation,  by  allowing  the  inventor 
the  stimulus  of  its  exclusive  use  and  exercise  for  a  certain  number 
of  years,  in  order  that  at  the  end  of  that  time  it  might  be  secured 
to  the  public,  in  return  for  the  benefit  conferred  upon  the  inventor 
over  a  limited  period ;  by  requiring  him  to  file  a  oompVet%  v^ecn&n^Xlv^TiL 
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of  his  invention,  and  the  manner  of  putting  it  into  practice,  of  what- 
ever nature  it  might  be.  Indeed,  while  recognizing  every  man's 
light  to  the  materially  embodied  results  (not  the  mere  ideas  on  paper, 
bear  in  mind)  of  mental  origination,  experiment,  expenditure  of  time 
and  money,  the  State's  chief  object,  under  the  patent  system,  has 
been  to  secure  the  invention  to  the  nation.  And  I  suppose  it  is  hardly 
necessaiy  for  me  to  ask  you  to  look  around  this  great  city — ^with  its 
weaving  and  spinning  mills,  its  iron  works,  forges  and  rolling  mills, 
its  ship  yards  and  engine  works,  its  alkali  works,  its  oil  works,  its 
sugar  refineries,  its  calico-printing  and  Turkey-red  dye  works,  its 
potteries  and  glass  works,  its  paper  mills  and  its  com  mills — ^it  is 
barely  necessary  to  ask  you  to  look  at  the  ships  in  our  harbour  or 
the  locomotives  on  our  railways — and  to  inquire  if  all  this  teeming 
industry,  all  this  wondrous  productive  ability,  forcibly  tells  us 
whether  we  have  profited  or  not  by  securing  to  the  nation  the 
thought,  the  foresight,  the  skilled  plans,  the  cunningly -wrought 
devices  of  such  men  as  Lewis  Paul,  Thomas  Highes,  and  Richard 
Arkwright,  of  Hargreaves,  of  Kay,  or  Heilmann,  or  Lister,  of 
Dudley,  Cort,  Beaumont  Neilson,  Siemens,  or  Bessemer,  of  Joseph 
Whitworth,  Bichard  Boberts,  or  James  Watt,  of  Bobert  Napier, 
Penn,  or  the  Maudslays,  Bennies,  Stephensons,  and  Fairbaims,  or 
James  Young;  and  does  the  work,  the  offspring  of  their  labours, 
prove  to  us  that  we  should  have  been  better  off,  and  as  far  on  in  the 
race  towards  the  acm^  of  economy  and  productive  capability,  but  for 
the  stimulus  and  value  imparted  to  inventive  talent  by  a  patent  law? 

(Next,  referring  to  the  views  of  Professor  Thorold  Bogers,  of 
Oxford,  who  has  affirmed  that  "in  ninety-nine  cases  out  of  a 
hundred,  the  patentee  is  only  a  simultaneous  inventor  with  a 
number  of  otliers,  who  lose  their  labour  and  ingenuity  because 
one  man  happens  to  get  in  first,"  Mr.  Day  asked  : — ) 

Where  are  the  proofs  that  in  ninety-nine  cases  otU  of  every  hundred 
the  patentee  is  only  a  simultaneous  inventor  with  others  1  At  this 
place  it  is  sufficient  to  contradict  the  assertion  as  being  wholly 
untrue.  That  it  sometimes  happens  that  a  similar  result  is  elabor- 
ated by  more  than  one  individual  is  perfectly  true,  and  sometimes 
simultaneously;  this  is  only  the  natural  consequence  of  a  public's 
demand  for  sometliing  which  it  does  not  already  possess  as  readily 
as  it  desires,  or  that  which  already  exists  does  not  suit  the  public 
taste,  or  that  something  totally  new  is  asked  for ;  but  in  this,  as  in 
every  other  mode  of  meeting  a  public  want,  why  is  not  the  man  of 
greatest  enterprise — ^he  who  is  foremost  in  the  race — ^to  reap  the 
greatest  beneBt,  which,  as  in  every  other  transaction  or  pursuit)  is 
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what  all  who  work  at  it  labour  after  ?  Where  there  is  a  prize  to  be 
won,  surely  it  is  due  to  him  who  first  fulfils  the  conditions  on  which 
it  is  to  be  possessed,  quite  independently  of  any  question  as  to  the 
number  of  competitors. 

I  do  not  mean  to  argue  but  that  licenses  should  be  compulsory, — 
I  certainly  think  they  should  be ;  and  if  that  were  enacted,  it  would 
have  the  effect  of  reducing  royalties  to  a  fair  value,  because  any  one 
applying  for  a  license,  in  the  event  of  a  refusal,  would  then  have  an 
appeal  to  some  court  of  law,  where  the  grounds  of  refusal  would 
have  to  be  stated,  and  the  judge  would,  upon  the  facts  produced, 
legislate  as  to  the  royalty  the  patentee  would  be  entitled  to 
demand. 

If  property  in  the  results  of  matured  thought,  of  experiment  after 
the  expenditure  of  time  and  means,  is  essentially  wrong  and  inflic- 
tive of  injury  upon  others,  why,  then,  it  is  equally  wrong  to 
possess  property  of  any  kind,  because,  if  the  possessor  is  better 
off  than  his  neighbours  in  one  case,  he  must  also  be  in  the 
other.  The  abolitionist,  in  order  to  be  consistent,  must  equally 
urge  that  yonder  owner  of  landed  property,  or  house  property, 
of  capital  realized  out  of  speculation,  or  a  careful  watching  of 
commercial  trading  and  enterprise,  must  at  once  give  it  aU 
up,  after  his  years  of  labour,  for  the  benefit  of  this  or  that 
man,  simply  because,  in  the  nature  of  things,  had  the  others  been 
similarly  placed,  each  might  have  achieved  the  same  results ;  the 
abolitionist  would  not  debit  the  shrewdness,  the  tact,  the  forethought 
and  constant  watching  of  time,  circumstances,  and  events  by  which 
the  results  have  been  effected,  with  any  share  in  the  profits. 

"  The  public,  the  millions,  have  a  greater  interest  at  stake  in  the 
maintenance  of  a  patent  law  than  they  are  aware  of,  because  its 
importance  has  not  hitherto  been  brought  under  public  notice.  To 
abolish  patent  law  means  to  depress  and  almost  to  stifle  competi- 
tion in  all  trades  and  manufactures ;  and  just  as  manufacturers  have 
over  and  over  again  combined  to  enter  upon  expensive  legal  pro- 
cesses to  thwart  the  right  an  inventor  has  obtained  from  the  Crown 
through  the  medium  of  letters  patent,  so  also  might  they  at  any  time 
combine  to  maintain  high  prices  for  articles  of  universal  consump- 
tion;"* so  that  positively  patent  protection  is  a  check  against 
combination  of  the  manu£Eu;turers — is  a  power  in  the  hands  of  the 
public  to  keep  down  the  prices  of  articles  to  a  reasonable  uniform 
standard. 

Argue  88  we  will,  start  from  whatever  point  of  view  we  may,  one 

*  Letter  to  Lard  Stanley^  by  H.  Ditcka,  ^^^txt  u. 


1 68  Philosophical  Society  of  Glasgow, 

thing  is  evident,  that  in  order  to  secure  inventive  talent  for  promot- 
ing the  national  good,  we  must  hold  out  reward  to  the  inventor ; 
the  abolitionist,  even,  owns  that  the  inventor  should  not  go 
unrewarded.  Invention,  we  have  abundant  proof  in  those  countries 
where  there  is  no  patent  ]aw,  is  not  productive  of  national  advan- 
tage, and  precisely  from  the  lack  of  stimulus  which  the  patent  law 
affords ;  for  example,  when  do  we  hear  of  an  important  invention 
coming  to  maturity  in  Switzerland,  where  there  is  no  protection  for 
inventors  1  yet  this  is  not  because  there  is  no  inventive  talent  in  the 
Swiss,  but  purely  and  simply  for  the  reason  that  there  they  cannot 
employ  it  to  advantage,  and  have  to  come  here  or  go  elsewhere, 
where  inventive  talent  is  legally  recognized,  in  order  to  secure  that 
reward  which  the  public  appreciation  of  the  invention  indicates  as 
the  due  value.  It  being  on  all  hands,  then,  admitted  that  the 
inventor  must  be  rewarded,  we  have  next  to  consider  what  means 
are  available  for  securing  the  reward;  and,  of  those  means,  which 
is  the  best  for  both  the  parties  concerned, — ^tho  nation,  and  the 
inventor. 

As  to  available  means  of  reward,  I  know  only  of  two  that  can 
in  any  way  be  dealt  with — namely,  State  rewards,  or  that  which 
is  secured  by  a  patent  law.  Of  the  former  we  have  some  know- 
ledge ;  it  has  been  tried,  found  wanting,  and  is  now  an  exploded 
delusion.  At  one  period  the  State  rewarded  inventors  by  payment 
of  a  sum  of  money,  sometimes  with,  and  sometimes  without,  the 
addition  of  a  patent,  and  the  chief  effect  of  it  was  to  directly 
encourage  fraudulent  and  misdirected  ingenuity;  as  is  proven  by  the 
Appendix  to  the  Report  of  a  Select  Committee  of  the  House  of 
Commons,  who  examined  the  patent  laws  in  1829. 

We  are  brought,  then,  to  conclude  that  the  patent  system  is  the 
only  one  by  which  the  nation  can  secure  the  maximum  advantage 
from  invention,  the  only  one  by  which  invention  is  properly 
encouraged,  the  only  one  by  which  the  real  value  of  an  invention  can 
be  ascertained,  and,  therefore,  the  only  one  which  can  secure  not 
merely  a  reward,  but  a  due  reward — precisely  its  exact  worth — to 
the  inventor. 

Whilst,  then,  no  fault  is  inherent  in  the  theory  of  the  present 
law;  whilst  theoretically,  indeed,  it  is  precisely  the  right  thing ;  and 
when,  under  certain  grievous  defects  in  present  practice,  the  country 
has  so  unprecedcntedly  advanced,  and  individuals  have  so  largely 
benefited,  it  must  be  abundantly  apparent  that,  if  that  law  is  only 
put  on  a  more  equitable  basis  for  its  administration,  by  which  the 
exiBting  anomalies  and  errors  would  be  wiped  out,  then  the  real 
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result  can  only  be  a  still  greater  progress  in  those  advantages.  To 
say  that  the  time  has  arrived  when,  in  the  interests  of  trade  and 
commerce,  it  is  proper  to  tear  asunder  the  link  which  has  enchained 
invention  to  the  British  nation,  is  simply  intolerable;  it  is,  as 
Whately  wrote,  like  "those  who,  having  magnified  into  serious  evils, 
by  injudicious  opposition,  heresies  in  themselves  insignificant,  yet 
appeal  to  the  magnitude  of  those  evils  to  prove  that  their  opposition 
was  called  for, — act  like  unskilful  physicians,  who,  when  by  violent 
remedies  they  have  aggravated  a  trifling  disease  into  a  dangerous 
one,  urge  the  violence  of  the  symptoms  which  they  themselves  have 
produced  in  justification  of  their  practice." 

We  have  had  experience,  in  former  times,  of  patents  at  a  great 
cost,  and,  more  recently,  of  patents  at  a  reasonable  cost,  and  that 
experience  shews  that  under  the  old  system  of  costly  patents  a  great 
part  of  the  real  value  of  invention  was  lost  to  the  country ;  the 
great  expense  to  obtain  the  needfiil  property  in  an  invention,  in 
order  to  render  it  of  public  benefit,  became  often  a  barrier  to  realiz- 
ing the  property.  Not  unfrequently  it  was  productive  of  crime, 
by  stimulating  the  abomination  of  secret  working. 

All  this  has,  in  a  great  measure,  been  set  aside  by  the  compara- 
tively cheap  patents  granted  since  1852.  The  abolitionist,  however, 
would  not  even  amend  the  present  law,  but  positively  proposes  to 
eradicate  protection  to  inventive  talent  altogether. 

If  the  gentlemen  who  so  urgently  pursue  the  cry  of  abolition 
would  help  us  to  amend  the  discrepancies  in  the  present  law,  we 
should  then  have  no  fault  to  find  with  them.  As  a  nation  which 
lives  so  largely  upon  the  returns  secured  to  us  by  the  protection 
granted  to  the  embodied  results  of  inventive  genius, — a  nation 
which  not  only  lives,  but  influences  the  whole  world  thereby  in  so 
many  ways,  which  scatters  the  direct  products  of  its  inventive 
talent  to  feed  and  clothe,  to  teach,  and  emancipate  from  the  thraldom 
of  ignorance  the  sons  of  toil  in  every  clime, — a  nation  which,  by  the 
very  essence  of  invention,  influences  so  effectively  the  march  of 
civilization,  and,  in  return,  brings  home  to  her  own  door  such  gains; 
— I  say,  then  we  could  tolerate  these  gentlemen,  who,  no  doubt,  as 
they  are  now  working,  believe  themselves  to  be  our  best  friends, 
for  the  assistance  which,  in  such  a  position,  they  would  be  able  to 
afford  us. 

And  in  order  to  appreciate  the  importance  of  nursing  invention, 
we  need  not  go  beyond  our  own  precincts.  I  should  like  the 
abolitionists  to  tell  us  where  our  iron  manufacture  would  have  been 
but  for  Beaumont  NeUson's  hot-blast  patent  1  or  wbst^  \2da  ^Xaazbi 
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engine  itself  would  have  been  but  for  James  Watt's  patent?  where 
our  weaving  or  spinning  mills  would  have  been  but  for  the  stimulus 
held  out  by  patents  to  the  endless  numbers  of  inventors  who  have 
worked  therein,  and  the  intrinsic  worth  of  which,  in  a  national 
sense,  it  is  beyond  our  power  to  estimate  1  And  what  shall  I  say 
of  steam  navigation,  which  was  brought  into  existence  at  our  very 
doors ;  or  of  the  vast  improvements  in  shipbuilding,  which  have 
placed  the  Clyde  in  the  van  of  this  industry?  Need  I  further 
allude  to  our  sugar  refineries,  with  the  number  of  important 
patented  inventions  at  work  there;  or  shall  we  look  to  the 
potteries  and  glass  works,  and  the  innumerable  chemical  works; 
and  will  it  be  said,  in  feixse  of  all  this,  that  the  protection  afforded 
to  inventive  talent  is  virtually  wrong,  is  intrinsically  pernicious^ 
and  productive  of  wide-spread  injury  to  mankind?  Let  us  take 
the  reverse  view,  and  for  a  moment  suppose  that  we  had  had 
no  protection,  what  would  have  been  the  result? — namely,  this, 
that  whereas  there  would  then  have  been  no  such  stimulus  to 
inventive  talent,  we  should  have  had  no  alternative  but  to  make 
the  most  we  could  out  of  existing  ways  and  means,  as  it  would  not 
profit  us  to  make  a  step  in  advance  if,  to  effect  that,  we  must  first 
expend  often  an  enormous  capital  to  prove  and  perfect  our  invention, 
and  no  sooner  to  have  it  perfected  than  to  see,  as  the  only  result, 
our  neighbours  on  all  hands  take  advantage  of  our  labour,  time,  and 
money,  without  let  or  hindrance ;  whilst  the  inventor  himself  would 
have  to  work  with  it  as  best  he  could  with  crippled  means, — not  to 
profit,  bear  in  mind,  but  first  of  all  to  repay  himself  that  which  he 
had  expended  for  the  benefit  of  his  fellow-men,  but  loss  to  himself. 

Does  any  one  suppose  that  invention  would  be  recognized,  or  could 
flourish  in  a  country  where  such  a  state  of  matters  existed,  and  it  is 
to  such  a  condition  that  the  abolitionists  would  reduce  us;  or  that 
any  one  would  commit  himself  to  such  an  act  of  loss  as  the  elaborat. 
ing  and  perfecting  of  an  important  invention  involves,  merely  to  get 
as  his  reward  the  fleeting,  unsubstantial  honour  of  being  called 
"the  Inventor"? 

I  would,  if  time  permitted,  bring  forward  many  more  such  argu- 
ments not  less  powerfiil ;  but  I  am  sure  that  the  citizens  of  Glasgow 
have  too  much  good  sense  not  to  comprehend  the  justice  of,  and 
absolute  necessity  for,  a  judiciously  administered  law  for  protecting 
the  inventive  talent  of  the  country. 

So  far  as  our  requirements,  comforts,  and  independence  are 
concerned,  I  cannot,  for  my  own  part,  see  to  what  other  fjeunilty  of 
the  human  mind  we  primarily  owe  so  much  as  to  invention;  for  go 
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■where  we  will,  try  our  hand  at  whatever  we  may,  we  cannot  get  out 
of  its  influence.  Through  securing  and  cherishing  invention  is  it 
that  our  bodies  are  clothed  and  housed  j  our  roads  reclaiiDed  from 
the  mud-track;  our  railways,  steamships,  and  telegraphs  carrying  us 
and  intelligence  of  all  kinds  at  such  speed  as  to  makei  the  most  of 
time.  The  success,  too,  of  the  trader,  to  a  large  extent  primarily 
depends  upon  the  direct  products  of  that  faculty;  the  national 
revenue  is  vastly  affected  by  it.  When,  then,  this  one  mental 
faculty  has  primarily  been  the  means  of  elevating  our  land  and 
people  to  so  lofby  an  eminence — when  individuals  cannot  avoid 
depending  on  it — surely  we  should  pause  ere  we  commit  ourselves 
to  the  wholesale  abolition  which  the  promoters  of  this  new  scheme 
so  vehemently  contend  for. 

In  concluding,  Mr.  President,  after  a  very  incomplete  exposition 
of  some  only  of  the  vital  points  which  demand  our  attention,  and 
having  made  no  allusion  to  the  copyright  analogy,  which,  I  trust,  will 
now  be  fdlly  developed  in  discussion,  I  will  only  repeat  some  rather 
forcible  words  which  have  recently  been  used  in  a  certain  high  quarter, 
and  appear  to  meet  our  present  case  with  exceeding  fitness — ^namely, 
not  to  forget  that,  "whether  we  are  Radicals  or  Conservatives,  we 
require  to  be  reminded  that  truth  or  falsehood,  justice  and  injustice, 
are  no  creatures  of  our  own  belief.  We  cannot  make  true  things 
&lse,  or  fJEklse  things  true,  by  choosing  to  think  them  so.  We 
cannot  vote  right  into  wrong  or  wrong  into  right.  The  eternal 
truths  and  rights  of  things  exist,  fortunately,  independent  of  our 
thoughts  or  wishes,  fixed  as  mathematics,  inherent  in  the  nature  of 
man  and  the  world.  They  are  no  more  to  be  trifled  with  than 
gravitation.  If  we  discover  and  obey  them,  it  is  well  with  us;  but 
that  is  all  we  can  do."  * 

Dr.  Bryce,  the  President,  proposed  the  following  motion,  and 
expressed  a  desire  that  the  discussion  might  be  founded  upon  it,  but 
remarked  at  the  same  time,  that  any  member  of  the  Society  had 
a  right  to  move  an  amendment : — "  That  this  Society,  whilst  recog- 
nizing the  benefits  that  have  accrued  to  inventors  and  to  the  public 
from  the  operation  of  the  new  Patent  Law,  since  the  Amendment 
Act  came  into  force  in  1852,  considers  that  the  law  is  in  several 
respects  defective,  and,  whilst  pledging  itself  to  use  all  the  means 
in  its  power  to  oppose  the  total  abolition  of  the  law,  will  lend  an 
earnest,  strenuous,  and  active  support  to  any  well-advised  scheme 
of  amendment." 

Dr.  F.  H.  Thomson,  Vice-President,  seconded  the  motion. 

*  J.  Anthony  Fronde'i  RectoTuJ  Addren  at  St  Andrei  %T3mv«niLV^A^^^ 


172  Philoioj^Ueal  Society  of  Glasgow. 

Mr.  Edward  C.  C.  Stanford. — There  is  no  subject  on  which 
greater  unanimity  prevails,  than  the  necessity  for  reform  in  our 
patent  laws,  but,  at  the  same  time,  there  is  no  subject  on  which 
greater  diversity  of  opinion  prevails,  than  how  that  reform 
should  be  carried  out.  The  question  naturally  divides  itself  into 
two — namely.  What  shall  be  the  best  means  of  protecting  the 
invention,  so  as  to  give  the  greatest  amount  of  benefit  to  the  public, 
and,  at  the  same  time,  reward  the  true  and  real  inventor  of  the 
discovery?  As  to  the  first  point,  I  must  say  that  I  never  could 
sympathize  with  those  who  have  been  described  here  this  evening 
as  abolitionists.  I  cannot  see  how  these  men  can  hold  that  while, 
on  the  one  hand,  any  one  has  a  perfect  right  to  Government  pro- 
tection for  a  poetical  idea, — stamped  on  paper  in  the  form  of  a 
poem,— on  the  other  hand,  one  has  no  right  to  Government  protection 
for  a  mechanical  idea  stamped  on  an  engine,  or  for  a  chemical  idea 
stamped  on  some  new  process  of  chemical  manufacture.  I  do  think 
it  is  rather  too  bad  that  one  kind  of  idea  should  be  at  once  pro- 
tected by  Government,  whereas  another  kind  of  ide*  should  not, 
especially  when,  as  it  often  happens,  a  poetical  idea  may  be  exactly 
worth  the  paper  it  is  written  upon,  and  no  more — may  be,  in 
^Bijc^,  &r  more  suitable  for  external  application  to  our  groceries  than 
for  internal  application  to  our  minds.  Another  point  is, — 
Suppose  the  patent  laws  were  abolished, — suppose,  for  instance,  a 
man  invented  a  particular  machine  by  which  a  particular  manu- 
fecture  could  be  carried  out  at  half  the  expense, — suppose  it  were 
impossible  for  him  to  obtain  protection  for  that  discovery,  the 
result  would  undoubtedly  be,  that  the  man  would  maintain  it  a 
perfect  secret.  In  that  case,  the  public  would  acquire  no  benefit 
whatever ;  whereas,  if  he  were  allowed  to  protect  his  discovery,  not 
only  would  he  himself  reap  the  result  of  that  discovery,  not  only 
would  he  be  able  to  cheapen  his  production  by  50  per  cent.,  but 
the  whole  nation,  even  the  whole  world,  would  do  the  same.  These 
are  such  strong  points,  that  I  do  not  understand  how  any  form  of 
total  abolition  of  protection  can  be  carried  out.  At  the  same  time, 
no  one  is  more  sensible  than  myself  of  the  very  great  need  there  is 
of  reform  in  our  present  Patent  Oflice.  There  is  no  man  who  has 
visited  for  an  hour  or  two  that  remarkable  collection  of  curiosities — 
perhaps  the  most  remarkable  in  Great  Britain — in  the  Patent  Office 
in  London,  that  will  not  admit  there  is  a  crying  need  for  reform. 
If  it  is,  as  I  assume  it  is,  advisable  that  protection  should  be 
accorded  to  all  discoveries,  then  I  think  it  follows,  as  a  natural 
result,    that  it  should  be  conducted  and  accorded  as  cheaply  as 
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possible.  It  does  appear  to  me  that  the  present  patent  fees  are 
totally  opposed  to  inventions  in  this  country.  They  are  certainly 
very  largely  opposed,  and  almost  prohibitory,  to  those  large  classes 
from  which  we  draw  our  best  inventors, — the  working  classes  of 
this  country.  I  quite  admit  that  the  expense  of  taking  out 
these  patents  should  be  saddled  upon  the  patentees,  but  I  don't 
understand  why  Grovemment  should  be  allowed  to  gather,  as  I 
believe  they  have  at  present^  about  £650,000  of  surplus,  over  and 
above  the  expense  of  the  patents.  I  do  not  understand,  either,  why 
they  should  keep  a  large  staff,  at  a  cost  of  some  £16,000  a  year, 
nominally  and  professedly  to  inquire  into  patents,  whereas  every  one 
knows  I  may  patent  a  thing  to-day,  another  may  patent  the  same  to- 
morrow, and  somebody  else  next  day.  There  is  actually  no  super- 
vision, practically  speaking.  I  would,  in  the  first  place,  make  the 
expense  of  protecting  a  discovery  as  cheap  as  it  possibly  could  be 
made.  I  would  simply  have  it  that  Government  should  charge  for 
that  protection  exactly  what  it  costs,  and  no  more.  But,  while  on 
the  one  hand  I  would  make  the  protection  as  cheap  as  possible, 
I  would  make  the  obtaining  of  patents  as  difficult  as  possible. 
I  would  have  this  staff  a  really  properly  conducted  staff — a  staff 
which,  as  Mr.  Day  has  spoken  of  already,  should  be  composed  of 
a  certain  number  of  men  who  had  really  talent  and  experience  in 
patents.  Perhaps  this  might  be  productive  of  occasional  injustice. 
Probably  there  might  be  some  discovery  on  which  this  committee 
might  have  some  difficulty — (parenthetically,  I  would  ask.  Have  we 
a  single  judge  who  can  administer  proper  justice  in  all  patent  cases? 
I  think  we  may  say  at  once  we  have  not); — ^but,  at  any  rate, 
the  appointment  of  this  Commission  woidd  have  this  effect, — ^it 
would  prevent  any  one  from  taking  out  a  patent  that  had  been 
taken  out  before.  That  is  an  important  thing.  It  would,  to  a  very 
great  extent,  I  believe,  as  Mr.  Day  has  already  said,  prevent 
litigation,  because  that  committee  should  be  so  well  composed,  and 
should  be  able  to  form  so  accurate  an  opinion  of  patents,  that  no 
man  could  take  it  up  afterwards  as  a  matter  of  litigation;  and  it 
would  certainly  have  this  effect,  that  in  place  of  patentees  being 
considered,  as  they  are  supposed  to  be,  shallow-brained  idiots,  with 
more  money  than  sense,  as  any  man  might  say  who  spends  a  day 
in  the  Patent  Office,— (it  is  a  sad  reflection  on  our  national  credit 
and  national  education!) — ^we  would,  at  any  rate,  insure  that  our 
patentees  should  be,  as  they  ought  to  be,  the  sdentifio  men  of  the 
country. 
Mr.  Macfie,  M.P.  for  the  Leith  Burghs,  havixxg  b^u  VxlV^X^Xa 
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take  part  in  the  discussion,  was  then  introduced  by  the  President. 
He  said: — 

Dr.  Bryce  and  gentlemen,  I  have  to  thank  you  for  the  fJELvour 
you  have  done  me  in  allowing  me  to  be  present  at  this  discussion 
on   a  subject  of   the    utmost   importance,   and    one  in  which    I 
myself  have  felt  great  interest,  and  in  the  discussion  of  which  I 
have  taken  some  part, — and,  God  sparing  me,  mean  to  take  part 
still.     I  would  not  conceal  the  disappointment  I  feel  that,  in  the 
city  of  Glasgow,  and  in  the  Philosophical  Society  of  the  city  of 
Glasgow,  a  paper,  such  as  that  just  read — an  able  paper,  an  honestly 
written  paper — should  have  been  asked  for  by  the  President  and 
Council  of  that  Society.     I  look  at  the  history  of  Glasgow,  firom  the 
time  of  Adam  Smith,  the  head  and  fountain  of  all  sensible  political 
economy.    I  don't  find  that  he  says  a  single  word  on  behalf  of  patents. 
If  he  has  said  a  word,  let  any  gentleman  tell  me.     I  know  that  in 
M'Culloch's  edition  of  TTie  Wealth  o/yationa  considerable  sti^ess  is 
given  to  the  advocacy  of  patent  monopoly,  in  a  note;  but  I  don't  find 
it  in  the  text  of  the  great  political  economist  himself.     I  find  that 
one  of  your  most  eminent  citizens  writes  one  of  the  very  best  papers 
that  ever  was  written  upon  the  subject  of  patents,  and  advocates 
their  total  abolition, — I  mean  Mr.  James  Stirling.     I  find  one  of 
the  most  eminent  living  natives  of  Glasgow,  a  late  candidate  for  the 
representation  of  the  Universities  of  Glasgow  and  Aberdeen,  is  in 
favour  of  abolishing  patents ;  and  I  hope  that  next  session  I  will 
receive  the  support  of  another  eminent  Scotchman,  Professor  Lyon 
Playfair.     I  have  been  asked  to  take  part  in  the  discussion  of  a 
motion  proposed  in  opposition,  as  I  believe,  to  the  views  of  some  of 
the  most  eminent  economists  of  the  day,  in  a  Society  founded,  as  I 
see  from  one  of  the  diplomas,  for  the  promotion  of  science.    I  opined, 
if  this  subject  was  to  be  discussed,  it  would  be  considered  upon 
scientific    principles.       I    thought    you    would    have    considered 
philosophically  what  are  the  reasons  that  can  be  adduced  on  behalf 
of  this  monopoly.     I  don't  find  in  the  paper  much  that  I  would  call 
logical  argument.     I  find  a  great  many  assertions,  many  things  that 
I  could  controvert ;  but  I  would  rather  not  take  part  in  a  discussion 
where  there  is  such  a  decided  prejudging  of  the  case  in  the  ruling 
power  here. 

The  President. — There  is  no  prejudging  of  the  case.  The 
question  is  perfectly  open.  Mr.  Day  is  alone  responsible  for  the 
opinions  ho  has  expressed. 

Mr.  Macfie. — In  justice  to  myself  and  one  or  two  bodies  and 
Jndividiiah,   J   will   trespass    upon   your  time  for  two  or  three 
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minutes,  thanking  you  for  the  opportunity  you  have  afforded  me. 
After  a  brief  reference  to  his  proceedings  on  the  question  in  Parlia- 
ment, Mr.  M.  proceeded : — I  do  not  undervalue  inventions.  I  would 
do  everything  I  could  to  stimulate  inventions;  but  I  believe  that 
the  system  of  patent  monopoly  is  the  very  worst  possible  for  the 
interests  of  the  nation,  and  for  eliciting  inventions,  and  combining 
inventions.  By  all  means  stimulate;  but  stimulate  by  direct  State 
rewards,  and  not  by  giving  individuals  the  power  of  seizing 
monopolies  injurious  to  their  fellow-countrymen  for  fourteen 
years.  One  of  the  reasons  which  induced  me  to  come  to  this 
conclusion  is,  that  other  nations  are  throwing  away  the  trammels 
of  the  patent  system.  Switzerland  never  had  one;  Holland  has 
just  fixed  on  the  abolition  of  hers;  Prussia  gives  very  few 
patents,  and  yet  Count  Bismarck  has  lately  brought  forward, 
on  the  part  of  his  Government,  a  resolution,  which  will  be  carried 
before  long,  for  the  total  abolition  of  patents  in  the  North  German 
Confederation.  In  these  circumstances,  I  ask,  how  can  the  manu- 
facturers of  Glasgow  compete  with  manu&cturers  on  the  Continent 
who  are  freed  from  the  restrictions  of  patents,  from  the  burden 
of  paying  for  patents)  That  they  are  a  restriction  is  as  plain  as 
daylight.  It  is  a  fourteen  years*  prohibition  to  use  every  invention 
that  is  patented,  unless  you  pay  a  considerable  sum  of  money  to 
its  inventor.  Take  an  illustration  from  the  iron  trade.  I  have 
been  at  pains  to  ascertain  what  I  am  speaking  about,  and  believe 
I  am  not  wrong  in  my  &cts.  I  know  that  in  a  particular  case 
Mr.  Bessemer  refused  the  right  to  use  Ms  patent  inventions  to 
a  company  in  England.  There  are  no  patents  in  Prussia  for 
Bessemer's  invention.  The  result  is,  that  the  Prussian  iron  manu- 
&cturers  are  now  rivalling  yours.  They  carry  on  their  operations 
at  a  great  advantage  as  compared  with  British  ironmasters.  I 
am  told  that  very  large  contracts  for  steel  and  iron  rails,  that 
used  to  come  to  this  country,  are  now  lost  to  this  country;  and 
that  may  be  attributable  to  the  large  royalties  exacted  by  Bes- 
semer. These  royalties  run  from  between  £\  and  £3  per  ton. 
How  much  ad  valorem  is  thati  It  cannot  be  less  than  10,  and 
may  even  be  30  per  cent,  on  the  cost  of  the  article.  How  can 
British  manufiEuH^urers  compete)  When  the  principle  of  free  trade 
was  inaugurated,  it  was  on  the  implied  understanding  that 
equity  would  prevail,  that  the  British  manufacturer  would  not  be 
made  liable  to  exceptional  burdens.  When  we  had  differential 
duties,  it  was  a  matter  of  indifference,  in  competing  with  the 
Continent,  whether  there  were  patent  burdens  or  not,    'fiKSiXk  ^^^ 
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trade  altered  that.     Now,  when  there  is  such  keen  competition, 
if  the  British  manufBU^urer  has  to  make  heavy  payments  to  holders 
of  patents,  it  is  impossible  for  him  to  compete.     Certainly,  he  does 
not  compete  on  equal  terms.     The  British   nation  imposes  upon 
him  exceptional  duties,  which  it  does  not  impose  on  his  rival  com- 
peting from  abroad.     So  clearly  is  this  the  case,  that  a  friend  of 
mine  at  Ghent,  when  this  subject  was  introduced  in  the  Interna- 
tional Association  for  the  Promotion  of  the  Social  Sciences,  actually 
proposed  that  the  British  Customs  should  charge  exceptional  duties 
on  articles  fr^m  abroad,  to  counteract  this.     That  was,  of  course,  an 
impossibility.     Mr.  Cobden,  a  clear-headed,  practical  man,  told  me 
himself  that  he   went  thoroughly  for  the  abolition  of  patents. 
Mr.  Day  will  not  have  abolition,  and  he  ridicules  and  repudiates 
State  grants  of  money  as  a  substitute.     But  it  is  quite  possible  to 
thus  reward  inventors.     I  have,  in  a  book  which  I  ventured  to 
publish,  exhibited  a  scheme  which  I  think  is  worthy  the  attention 
of  this  Society.     By  that  scheme,  these  two  great  objects  might  be 
simultaneously    attained :    liberal    and    equitable    rewarding    and 
recognition    of   inventors,    and    emancipation    instantaneously  of 
British   manufacturers  from   the  burden   of  pa3ring  royalties.      I 
wish  to  clear  the  British,  or  rather  the  £nglish.  Parliament  from 
misconception  to  which  it  may  be  exposed  through  statements 
made  by  the  reader  of  the  paper.     I  do  not  know  what  the  history 
of  patents  for  inventions  in  Scotland  is.     When  we  speak  of  the 
Statute  of  Monopolies,  we  speak  of  an  Act  of  the  English  Parliament 
applying  only  to  England.      In  that  statute,  there  is  not  a  word 
about  vending  of  inventions,  or  vending  of  things  made  under 
patents.     There  is  no  prohibition  whatever  of  that  kind,  just  as  in 
Prussia  to  this  day.     Suppose  you  make  some  article  for  domestic 
use  by  a  new  invention.     You  may  import  it  into  Prussia,  and  the 
holder  of  the  patent  for  the  invention  there  cannot  interfere  with 
your  selling  it.     It  was  so  in  England,  as  I  read  the  Statute  of 
Monopolies.     Goods  might  have  been  manufieu;tured  in  Scotland, 
and  sent  into  England,  without  the  patentee  being  able  to  object. 
Not  so,  as  the  lawyers  read  the  law  now.     I  wish  more  particularly 
to  call  attention  to  words  pronounced  by  the  honourable  gentleman 
very  f&intly.     The  words  are  these :  that  a  patent  shall  only  be 
granted,  provided  it  is  not  hurtfrd  to  trade,  that  it  does  not  raise 
the  price  of  commodities,  and  that  it  is  not  generally  inconvenient. 
I  take  the  second  first.     I  ask  if  there  is  any  patent  in  existence 
but  raises  the  price  of  commodities  ?     Is  it  not  a  matter  of  experi- 
ence  that  bo  soon  as  a  patent  expires,  the  article  fieJlB  to  a  lower 
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price?    Further,  when  the  English  Parliament  agreed  to  tolerate 
that  Act  of  Monopolies,  only  a  limited  number  of  persons — ^five, 
I  think — ^were  allowed  to  share  in  any  patent.     Now,  by  means 
of  licenses,  it  is  allowed  not  only  to  the  patentee,  but  also  to 
innumerable    licensees.      It    was    in    order    to    prevent    undue 
monopoly,  that  there  was  this  limitation  in  the  number  of  persons. 
One  or  two  observations  further  in  connection  with  the  Statute 
of  Monopolies.     Patents  were  not  to  be  ''hurtful  to  trade,  or 
generally  inconvenient."    All  know  that  a  patent  is  very  hurtful 
to  traders  that  do  not  get  the  benefit  of  it.     I  have  already  in- 
stanced a  case  in  the  iron  trade.     I  could  mention  a  case  in  the 
sugar  refining  trade,  in  which  I  was  engaged  till  lately.     I  have  it 
on  the  authority  of  a  gentleman  intimately  acquainted  with  the 
parties.     He  gave  it  me  in  writing.     In  consequence  of  a  monopoly 
being  conceded  to  a  house  in  Liverpool  for  a  radius  of  seventy  miles 
therefrom,  to  another  house  in  Hull  for  a  radius  of  seventy  miles 
around  it,  a  sugar  refinery  in  Sheffield  could  not  avail  itself  of 
improvements,   and  was    ruined.      Suppose  the  license    granted. 
Patentees  very  commonly  ask  and   expect  for  the  use  of  their 
patents  not  a  small  share  of  profit,  but,  as  I  have  known,  four 
times  what  would  be  a  living  profit.     (A  voice,  **  It  is  not  a  &ct. 
You  are  all  wrong.'')     You  can  contradict  me  when  I  am  done, 
when  I  hope  you  will  be  kind  enough  to  answer  me.     The  house 
with  which  I  was  connected,  and  which  still  exists,  paid  for  a 
number  of  years  a  shilling  per  cwt.     They  might  be  content  to 
work  for  a  marginal  profit  of  threepence  per  cwt.      Is  not  that 
shilling  four  times  what  is  a  living  profit?    I  have  no  desire  to 
occupy  much  more  of  your  time,  except  to  clear  the  character  of 
some  of  the  labourers  in  this  cause.     We  were  told  that  no  man  of 
philosophical  eminence  had  espoused  the  views  of  which  I  am  a 
very  humble  supporter.     I  might  allude  to  perhaps  the  greatest 
philosopher  of  the  day,  Monsieur  Chevalier.     Under  his  influence, 
we  may  soon  have  the  patent  system  abolished  in  France.     I  might 
allude  to  a  very  eminent  lawyer,  a  man  of  a  very  acute  intellect,  a 
man  of  excellent  religious  and  moral  principles,  one  who  would  not 
wrong  an  individual  for  the  world — I  mean  Sir  Koundell  Palmer. 
I  might  allude  to  the  Chairman  of  the  recent  Koyal  Commission 
upon  Patents,   Lord  Stanley,  the  present  Earl  of  Derby — ^to  Sir 
William  Armstrong,  one  of  the  greatest  mechanists  of  the  age — 
to  Lord  Granville,  who  was  Chairman  of  the  House  of  Lords  Com- 
mittee on  Patents  in  1851 — ^to  such  great  statesmen  as  Mr.  Bright, 
Mr.  Lowe,  Mr.  Cardwell,  and  Mr.  Baxter.     Without  giving  otbsn> 
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I  have  shewn  that  if  I  have  erred,  J  have  erred  in  the  noblest  and 
weightiest  of  company.  Before  sitting  down,  I  just  ask  two  favours : 
Ji^r$t,  that  you  will  consider  the  alternative  scheme  I  have  ven- 
tured to  propose  as  a  substitute  for  patents ;  and  second,  that  you 
will  support  Her  Majesty's  Government  in  the  concession  they 
have  kindly  made  of  leave  to  move  next  session  of  Parliament  for 
a  Parliamentary  Committee  to  inquire  into  the  policy  of  patents^ 
and  the  best  means  of  dealing  with  inventors.  There  can  be  no 
doubt  that  such  an  investigation  as  may  be  made  by  a  Parliamentary 
Committee  or  Royal  Commission  will  tend  to  establish  men's  minds, 
and  to  bring  about  a  greater  amount  of  harmony  amongst  us  than 
now  exists.  I  wish  well  to  inventors;  but  as  one  who  has 
been  engaged  largely  in  manufactures  myself,  I  declare  it  is  most 
unjust  and  most  cruel  to  continue-  to  expose  the  British  manu- 
&cturer  to  exceptional  burdens.  I  speak  also  for  the  great  body  of 
consumers ;  for  their  interests  are  one  with  the  manufacturer's.  I 
speak  also  for  the  great  body  of  working  men.  No  system  can  be 
more  injurious  for  their  interests  than  that  which  prevents  cheap- 
ening of  articles  of  consumption,  and  hinders  the  demand  for  labour. 
Patents  diminish  that  demand.  If  they  continue,  they  will  with- 
draw to  a  considerable  extent  the  manufactures  of  this  country  to 
countries  where  there  are  no  such  monopolies.  One  word  more.  We 
ought  to  negotiate  internationally.  There  is  no  reason  why  each  of 
the  several  countries  of  Europe  and  the  United  States  should  not  pay 
a  reasonable  sum  to  every  inventor.  As  we  say,  "  Every  little  makes 
a  meikle."  It  might  not  be  much  the  inventor  got  from  any  single 
country ;  but  if  in  thirty  or  forty  countries  in  Europe  and  America, 
each  gave  a  hundred  or  a  thousand  pounds,  inventors  would  be  more 
liberally  treated,  and  be  happier  men  than  they  are  at  this  moment. 

Mr.  Walter  Montgomkrt  Neilson. — The  only  strong  aiga> 
ment  that  the  honourable  Member  has  brought  fcNrward  for  the 
aboUtion  of  patents  in  this  country,  and  certainly  the  only  ground 
upon  which  a  stand  can  be  made,  is  the  competition  of  Great 
Britain  with  foreign  countries  that  have  no  patent  rights.  That 
is  a  great  question  of  political  economy,  and  is  one  which  the 
honourable  Member  is  certainly  to  be  thanked  for  having  taken  up. 
As  to  the  other  statements  which  the  honourable  Member  made,  I 
am  indeed  very  much  surprised  to  hear  them.  The  most  extra- 
ordinary statement,  as  it  seemed  to  me,  was  that  patents  do  not 
reduce  the  cost  of  production. 

Mr.  Macfie. — I  admit  that  inventions  do  so;  but  patents  pre- 
rent  inventions  having  that  effect. 
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Mb.  W.  M.  Neilson. — I  differ  from  the  honourable  Member 
upon  that  point  also.  Perhaps  this  meeting,  instead  of  going  into 
general  interests  and  principles,  ought  to  have  collected  a  number 
of  facts  upon  which  they  might  cany  on  a  discussion.  We,  of 
course,  cannot  expect  the  Legislature  to  listen  to  us  when  we 
plead  for  the  rights  of  inventors  in  the  name  of  justice  and  truth. 
We  ought  to  take  up  the  broad  fact,  whether  the  patent  laws  of 
this  country  have  induced  men  to  devote  their  lives  and  their 
talents  and  their  means  for  the  benefit  of  their  fellow-men.  We 
have  one  or  two  examples.  I  shall  limit  myself  to  the  iron  trade, 
which  perhaps  I  know  more  of  than  other  trades.  Reference  has 
been  made  to  the  invention  of  the  hot  blast.  That  invention  has 
reduced  the  cost  of  the  production  of  the  material  enormously. 
At  the  first  application  of  that  patent,  there  was  a  saving  upon 
the  manufacture  of  iron  of  £1,  I2s.  Qd.  per  ton.  The  honourable 
Member  stated  that  the  patentees  charged  two  or  three  times  the 
amount  of  the  saving  which  their  patents  produced. 

Mr.  Macfie. — I  said  that  in  a  particular  trade  one  shilling  per 
owt.  had  been  paid,  and  that  the  manufetcturers  of  the  article  who 
paid  that  shilling  would  be  very  thankful  to  carry  on  at  a  less 
profit  than  a  shilling  per  cwt.  If  the  patent  is  liable  to  that 
burden  in  this  country  and  not  abroad,  it  is  very  clear  that  manu- 
facturers cannot  get  a  shilling  of  a  margin  to  pay  the  patentee. 
Suppose  a  sugar  refiner  is  content  with  a  profit  of  sixpence  or 
threepence  per  cwt.,  how  can  he  pay  that  shilling  for  the  use  of 
the  patent  right  out  of  the  sixpence  or  threepence,  and  also  com- 
pete with  non-patent  countries? 

Me.  W.  M.  Neilson. — The  invention  to  which  I  alluded  pro- 
duced an  economy  of  £1,  I2s.  Qd.  per  ton,  and  the  charge  made  by  the 
patentee  was  only  a  shilling  per  ton.  I  ask  the  honourable 
Member  if  there  is  anything  extravagant  in  that  small  demand  of 
a  shilling  per  ton?  I  believe  that  the  patent  at  this  moment,  and 
for  many  years,  has  saved  the  British  nation  something  like 
£12,000,000  per  annum.  I  may  say  also,  that  I  know  from  personal 
&ct8,  that  had  there  been  no  patent  laws  in  this  country  to 
protect,  encourage,  and  remunerate  inventors  for  their  inventions, 
there  would  have  been  no  hot  blast.  The  inventor  of  that  patent 
had  neither  the  means  nor  the  influence  to  carry  out  his  invention. 
It  has  been  complained  also  that  inventors  seU  their  inventions, 
and  that  the  public  have  to  pay  patent  rights  to  men  who  did  not 
invent.  In  the  case  of  the  hot  blast,  the  inventor  sold  it  to  two 
other  parties,  keeping  himself  a  small  share.     Probably,  it  may  be 
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said  that  the  public  had  no  right  to  pay  them.  Had  this  poor 
man  not  joined  these  two  men,  he  never  would  have  brought 
forward  his  invention.  A  complaint  has  been  made  against  Mr. 
Bessemer  for  his  charge  for  the  process  of  making  steel — one  of  the 
most  wonderful  inventions  of  the  age,  and  one  of  the  most  useful, 
and  that  will  before  many  years  save  many  millions  per  annum 
to  this  country  and  to  the  world.  The  economy  in  the  substitution 
of  steel  for  iron  alone  is  a  matter  of  millions.  I  know  myself  that 
Mr.  Bessemer  at  an  early  stage  of  his  patent  met  with  great 
difficulties;  in  fact,  I  think  that  man  deserves  a  monument,  not  for 
his  great  invention  so  much  as  for  his  determined  perseverance 
year  after  year.  Failure  after  failure  did  he  undergo,  suffering  greatly 
not  only  in  means,  but  in  health.  But  happUy  he  persevered,  and 
succeeded.  Now,  I  ask,  can  this  country  or  nation,  or  can  any 
people,  refuse  to  this  inventor  some  reward  for  his  great  discoveries? 
Prussia,  certainly,  and  other  countries,  have  no  patent  rights. 
While  the  Legislature  continues  to  protect  patents  at  home,  let  it 
enact  a  law  that  for  articles  manufeictured  for  exportation  to  non- 
patent countries,  there  should  be  no  patent  right.  We  must  look 
to  the  British  nation,  and  endeavour  to  place  its  manufacturers 
in  a  fair  position  as  regards  those  of  other  nations.  What  have 
other  countries  done  as  compared  with  Great  Britain?  She 
has  been  a  nation  of  inventors.  Where  have  steam  engines, 
steamers,  locomotives,  and  railroads  been  invented?  I  hope 
the  honourable  Member  will  take  these  matters  into  considera- 
tion. 

Mr.  Macpie. — I  wish  to  be  allowed  one  word  of  explanation. 
I  am  extremely  sorry  if  anything  I  have  said  should  be  conceived 
as  expressed  in  a  sense  disparaging  to  Mr.  Neilson  or  Mr.  Bessemer. 
And  with  regard  to  Mr.  Neilson,  it  was  most  honourable  to  him 
that  he  charged  such  moderate  royalties,  when  he  had  the  power  to 
exact  more.  With  regard  to  Mr.  Bessemer,  I  know  his  high  talents 
and  merits.  I  adduced  his  case  merely  to  state  certain  fiEu;t8. 
Nothing  in  connection  with  his  merits  and  talents  will  alter  my 
statements.  Before  sitting  down,  I  remark  that  the  concession 
Mr.  Neilson  has  made  is  all  I  ask  for.  Grant  it,  and  my  whole 
case  is  gained. 

On  the  motion  of  the  President,  a  vote  of  thanks  was  awarded 
to  Mr.  Macfie  for  attending  the  meeting,  and  taking  part  in  the 
discussion. 

Mr.  James  Robertson,  Engineer. — With  regard  to  some  of  the 
remarks  of  Mr.  Macfie,  he  wished  to  state  that  personal  vigour,  such 
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as  that  possessed  by  Mr.  Bessemer,  was  often  a  &r  more  important 
element  of  success  than  the  ingenuity  manifested  in  the  invention. 
One  reason  why  such  men  ought  to  be  rewarded  is  the  determination 
and  skill  with  which  they  endeavour  to  obtain  success.  Men  like 
Arkwright  and  Bessemer  would  succeed  in  anything  they  took  in 
hand. 

It  was  then  agreed  to  acyoum  the  discussion  till  the  next  ordinary 
meeting. 

December  16,  1869. — The  President  read  the  following  letter 
from  Sip  William  Thomson,  LL.D. : — 

Largs,  Ayrshire,  December  14,  1869. 

Dear  Dr.  Brtce, — I  highly  approve  of  the  resolution  regarding 
patents  which  has  been  moved  by  you,  seconded  by  Dr.  F. 
Thomson,  and  adopted  by  the  Society.  I  have  no  apprehension 
that  the  abolition  of  patents,  or  of  copyright,  will  ever  be  carried 
into  effect,  although  it  may  be  a  good  deal  talked  about.  But  I 
believe  the  discussion  in  our  Society  may  be  very  useful  in  calling 
attention  to  the  necessity  for  reform  in  the  patent  laws,  and 
suggesting  principles  and  details  as  to  the  alterations  which  ought 
to  be  made.  I  wish  I  could  be  present  at  the  adjourned  discussion 
to-morrow  evening.  But  as  I  cannot,  I  write  to  suggest  one 
important  point  which,  so  far  as  I  can  learn  by  the  reports  in  the 
newspapers  of  your  late  discussion,  has  not  been  noticed  by  any 
who  spoke.  It  is  international  and  colonial  patent  laws.  One  of 
the  worst  features  in  the  present  system  is  the  heterogeneousness 
of  the  patent  laws  within  the  British  Empire  and  in  the  nations 
of  Europe  and  the  United  States  of  America.  I  believe  the  patent 
law  of  the  last-mentioned  nation  will  be  found  to  be  in  many 
respects  better  than  our  own.  If,  then,  we  can  improve  our  own 
patent  law  by  adopting  some  of  the  provisions  of  the  American,  it 
would  surely  be  wise  to  do  so,  as  we  should  thereby  also  prepare 
the  way  for  an  international  patent  'law  between  the  two  countries. 
I  hope  the  grand  object  of  obtaining  a  common  patent  law  among 
all  civilized  nations,  which  would  give  a  great  stimulus  to  useful 
invention,  and  do  away  with  much  of  the  confusion  and  incon- 
venience both  to  inventors  and  users  of  inventions,  inseparable 
from  the  present  anarchical  condition  of  the  patent  laws  of  the 
different  countries,  will  be  kept  in  view  by  the  committee  of  the 
Society  appointed  to  consider  the  subject. — I  remain,  yours  very 
truly,  WllJAKU  iBOU^onsk. 


TQtc*    PiLiakLUEF?    fitBsetd   tJucL.   In-    artter   of  tli^  CmnioEL   iiH» 

pTtiMHTL.  SuuL  iift«iL.l»grr  of  liLikt  A^iiciisxiinGL  bf  Tprfio^  presexri  'frgre 
eirtciatfd  ^c■  iriififak  irfinL  tiL^f  oueiiQazi  "rikiDl.  "witf  to  etamf*  l^oEare 
liLLfiiiL.  Tin-  Pileeii>I7T  ^expreflMfd  lihf-  lin)*^  i^t  libf-  duinxiaaciB 
vc»iad  ii:n  iia-r*-  T^faremot-  T?-  prrrKuf  iir&grflfna:  utartibr:  lurt  iJxiii^ 
itf  til*-  7^idlc»Bci|diioh]  SfK&mT  of  'GrliiBfrr'w.  lilipT  -wcniid  orotfli&ar  l2^ 
cfa«BticYL  ill  ft  ficigmiifiir  Kud  suciieBmKiJHkf  nuaoHir.  Mr.  MA]rcr. 
m:  liBxizjig  mcrrad  liLf-  ftdicmrmziBxct  of  tW  dkcniflEkiZL  fras  autzxikd 

ItiL.  JoBJ?  Matz3L  kfber  Btstzike  ilmx  Ixt  Lftd  no  pemcmBS  or 
yr^vB^oisji^  iniicsrefit  in  |jKtiairt&.  Aud  tLst  Lf*  -voiLld  oozifiidar  i^ 
cul^aeit  frcQu  tibe  paint  of  lipir  of  tibf  jmLliei.  skid : — Mr.  Itffcnfifi, 
nrlKf  Lkc  Xicnr  liacxaufr  tihe*  MikiiairkiGigBd  l«ftd«r  in  tkif  cnuib&f  aciizkss 
pctezrc^  plcMXiS  grcsBX  straK  upozi  l^  iuat  tluct  n  {pw  frM-  trMfln  sad 
potHtOtCftS  txxqoundsts  Icax'e  fi|io3»sn  or  -vrirKflD  scuziin  pUiBLT  licjbis. 
\jasi  «T«ziiitg  be  ixkfizitiazMd  "Qint  Iksc  Mr.  OciltdfSL.  Adun  dndtJi.  SDd 
wnufr  cniLerE.  £t€Si  tiJdxtg  Mr.  C*c>lidgn  jtf  &  i:iij>pcirtiflr  cf  sliolrcMB- 
i«  T>r<rE.  I  liATf*  TOT  1*0  ItiAjn  tliBZ.  i^cmrli  liis  ofazacD  on  free 
tzihde  in  ocvn  azid  otLcr  oanjxiciditMai  is  noir  em'bcidMd  in  car 
xtssacndJ  jiosBrr.  be  itbs  iniLQiljik'  -on  t^finr  cobcr  j^cont  in  lui 
p>lxiaesk2  ortiwL  Then,  as  li&  JLdisn  Sniitb.  I  nxiasi  ocmi^ss,  ihsMl  I  am 
BxA  a-vare  «f  Ms  great  v^cv^  Jiif  V«a2£[l  ffKcOMmM^  <icaitaznixtg  anr 
objecti-cizts  TO  like  jtotlicT  erf"  a  paUient  la^.  lir.  Macifi^.  in  tb^  pab- 
liiLfeid  rejKirt  cf  Lie  F^^widi  in  ibe  Hrmse  cif  CcanskODa,  names 
axcKmcvt  tbe  d^fiendcTE  of  pas«cnt  la-v^  Mr.  M'OxiBadiL  aaid  aaka^ 
"WLa2  -voroid  XdajD  Bniiiih  think  <if  Ids  ooxDznentalor!*  WelL 
reaJlj.  I  don^t  kno-v;  bot  if  Le  bad  had  the  opportionitT,  it  voold 
LaT«  been  bis  dntr  to  bare  oc«mplizDenteid  bun  npon  taking  m 
eenaible  view  of  tbe  policr  referriE^  to.  Amongst  tbe  cfvponents  of 
xbib  }>olicT.  Mr.  Macfie  qnotes  M.  Cheralier  and  M.  Wol^raraki.  m 
Frendii  Profesaor  of  Politicai  Eoonomj,  wbo  is  undMind  <hi  the 
^^"^^"«g  quesdofn.  WeU,  aaid  wbat  of  tbemf  Wbr.  I  tbink  we 
mijg^t  makie  bim  veleome  to  Uwm,  aad  to  any  balf^OBen  mote  of 
equal  eminpnoe  besideB,  seeing  tbat  be  gives  us  a  man  vbo  as  an 
expo&eut  4^  political  pbiloeopbr  would  be  more  tban  equal  to  them, 
tboQglk  ther  were  all  rolled  into  one.  I  refer  to  Mr.  J<^m  Stuart 
Mill,  and  I  mar  inform  the  meeting  that  in  bis  published  qwedi, 
about  ten  pa^es  are  required  bj  Mr.  Macfie  to  oontrorert  the 
pateDt  law  heresies  of  the  greatest  of  our  political  eoonomistB. 
Mr.  Macfie  would  have  patent  rights  abolished,  and  would  sub- 
Mtitute  naiiomd  rewards  for  them,  the  value  of  the  rewards  vaiying 
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firom  £10,000  down  to  (what  do  you  think?)  certificates  of  merit  1 
Who  is  to  judge  of  the  value  of  any  new  process  that  may  be 
disooYered,  or  new  invention  in  mechanics,  or  engineering,  that 
may  be  made?  Mr.  Macfie  proposes  an  Invention  Commission, 
and  he  says  that  in  appointing  the  Commissioners,  the  Government 
should  consult  the  various  trading  interests  of  the  nation,  in  order 
to  select  the  most  acceptable  persons.  We  may  doubtless  conclude 
that  some  eminent  manufacturers  would  be  put  upon  the  Commis- 
sion, and  if  so,  the  thing  would  defeat  itself.  Such  a  Commission 
would  be  as  unstable  as  a  house  built  of  playing  cards.  If  such 
men  as  Mr.  Macfie,  or  other  eminent  ea>-manufacturers,  were  to  be 
chosen  by  the  Government,  what  an  inefficient  set  of  appraisers  they 
would  make !  How  could  they  estimate  the  full  value  of  a  process, 
or  a  new  appliance,  or  a  sitbstcmiive  invention,  until  it  had  perhaps 
been  years  in  operation?  Why,  look  at  this  instance.  Mr.  Macfie, 
in  his  speech  here  at  our  former  meeting,  laid  great  stress  upon 
the  difficulties  which  the  sugar  manufacturer  experiences  with  new 
processes.  In  his  book  he  says : — *'  In  that  trade  (the  sugar  trade), 
I  myself,  shortly  before  my  retiring  from  commerce,  paid  £3,000 
for  a  year's  right  to  use  a  new  process,  which  proved  unworkable, 
and  had  to  pay  a  solatium  of  £1,000  for  leave  to  discontinue  it." 
Now,  if  such  an  acute  observer  of  men  and  things,  and  a  person 
who  was  so  ''  well  up  "  in  his  own  business  as  Mr.  Macfie,  should,  in 
his  desire  to  have  the  advantage  of  his  fellow  manufisuH^urers,  make 
such  a  great  mistake  as  this  admission  shews,  how  could  inventors 
be  properly  rewarded  for  their  years  of  thought  and  labour,  and 
their  pecuniary  expenditure, — amounting  in  some  cases  to  £10,000 
or  £20,000,  and  in  Mr.  Bessemer's  case  to  no  lees  than  £50,000, 
and  six  years'  labour  ?  The  system  of  rewards  is  radically  wrong. 
It  would  be  quite  unworkable.  For,  if  the  appraising  and  adjudi- 
cation of  the  value  of  an  invention  or  a  process  can  fail  so  unmis- 
takably in  the  hands  of  practical  men,  what  would  be  the  case  if 
the  Commissioners  of  Inventions  were  largely  to  be  lawyers  and 
such  like  persons,  who  knew  nothing  of  things  practical  ?  Besides 
this  unworkability  of  the  system  of  rewards,  it  would  doubtless 
give  rise  to  all  manner  of  jobbing,  and  the  Commission  would 
doubtless  become,  or  be  very  liable  to  become,  a  great  sink  of 
iniquity,  to  which  the  Edmunds  scandal  is  but  as .  a  drop  in  the 
bucket.  Every  Commissioner  would  be  open  to  the  influence  of 
friends  beseeching  on  behalf  of  inventors  or  persons  who  might 
think  themselves  entitled  to  that  name.  Great  stress  is  laid 
upon    the   condition    of   thingSi   in   respect    oi  i^\«ii\A)  ^\as^ 
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preivaik  in  BwitaEerluud.  Holiaud.  and  Prassi^     £veryi»odY  knn^i^ 
tLat    the    bwi^   and    tlif    XhitcL    art   not    remarkabif    for    thcnr 
inventivf:  facuirv,  and  it  iE«  i^eli   known   xiiai  JYufism  sHiak  xiie 
inveutionfi  viiicL  are  ]»eifect«d  and  bmiurii't  ma*  o}*eraxion  in  'sbiE 
cuuutr^'.     I^inr.  tiust  ii^  just  Bomediinf:  iikt-  wiiat  Anterica  dues  in 
respect  of  xiie  l»uokE>  of  F.T^|rnH>i  authaxf^ :  and  uit-  EmgETt^suun  CNxmis 
xti  nif  liliat  wf  mi^ht..  xiirongL  onr  Govermneni,  lUTErfc.  vitL  refaremcp 
^C'  Pnisaia  and  suc^   Btaceb.  xiit:  imjiorcanoe   uf  an   iniiemaiianal 
IMieni  n^^bt.  tresatdng.  as   is  urged  in  reB]»ect  of  cnpyri^iit,.  irisb 
American  jiubliaberh.     lierween  paxem  right  and  coj^yricin  xiiere 
aeemB  iiu  me*  to  be   a   doBe   relationidii]*;    and    xbat  -che  farmec 
ahbon^  it  is  auir  |7uiu»d  fur  fonrbnen    yearb.  if.  m^  jioiiciD  an 
the  }jart  of  xlic  nacion  as  libe  larter.  whicL  k>  grauiied  for  farry- 
two   years.      If  d&'ee   tirade.  **nin  linL.^  is  XC'  alKJiiaL  xiif  fnrmwr^ 
it    cannot    confiisteudT   fooj*   at   nhe   latter.      If    one   gne&.   bncii 
muBt  go.      But  there  is  no  neoesBity  for  enlier  gahig   or  lieing 
aboIiaLed.     Tiie   patent   Iuwe   are  &uhy.      That   i^   a   inxsi   ujion 
which  tJiere  ife  no  difierenoe  of  ojunion.  either  amonxr^t  inveuuirB 
or  manuiacturerfk.     Let  11&.  tJien.  rather  seek  to  improve  and  use 
idieui.  than  to  improve  them    aS  the   jiagef*   of  the  statnti^hcko^ 
That   the   preBent   Pystem   of  gnmting   patents  ic   attended  with 
aoKanalies  and  abuaee  is  no  Tahd  reaaon  for  duin|:  away  wxtiL  the 
tnrsbem  ahi»gether.     W«.  the  public  feel  that  Inr  patented  prooeBBes 
axkd  invtiutiunE  "we  are  -everr  now  and  then  huTinir  (»ur  ordinBTT 
want«  miniRtered  tnoc*  more  che^ijily.  and  hixuzieE'   proTidftd   ior 
U£  wliicL  we  ne^er  dre&nrt  of  ei.joyin|: :  and  we  woikld  ask  if  thoBe 
restdts  hare  been  atL&ined  at  the  ex]*enBe  of  stifiing  the  iBmhy  orf* 
inrention  in  any  one^     If  otir  c»pj»aneni£  will  bring  forward  one 
Um&nde  cabe  of  Bcieniiz£r  or  Tnannfanuiiring  progr^E^  Itedug  Linderad 
by  paitentb.  we  will  bring  hundredc- — I  siqipoBe  I  might  sit  ihoxi- 
8aud» — in  support  uf  the  oppoBbe  view.    A  few  Beil££^  mBzra&ctams 
may  sufTer  now  and  then,  or  may  jiemade  tiheanseilTes  into  the 
beJief  thaa  they  do  Bufier^  &am  the  granting  of  jagiemti*  in  rei^iMt 
of  operaaous  in  whicii  they  th£smfitilTe&  are  engaged ;  but  thai  is  no 
fflxiof  tlisl  patent  li^Bi  pcJify  is  not  a  good  poQiqr  far  xcuie  and 
i&a22u£M3;ure.  aaui  for  the  nation  ai  huge. 

The  Pkisi3>Z3^  said. — By  the  inxitation  of  one  of  the  meonbens 
aod  by  tLe  autharzxy  of  the  Councdl,  a  diBtdngoishcid  sta^uigier  wma 
with  them  to-night.  He  was  sure  thai  they  would  in  iLe  diBmsBcm 
gnut  pTMiedenoe  to  that  gentkmuL  He  alhided  to  Mr.  Samuel 
CunliSe  Uisufs.  of  Bradford,  whose  name  must  be  known  to  Boit 
cf  the  ^azxieanen  preM&x,  as  one  of  ih»  krgoit  patepteei  in  iht 
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empire — a  gentleman  who  had  expended  upon  patents  money 
approaching  to  half«-million,  and  who  was  now  deriving  great 
profits  from  the  patents  which  he  had  obtained.  He  would  call 
upon  Mr.  Lister  to  address  the  meeting. 

Mb.  S.  C.  Lister  said, — ^By  the  kind  permission  of  your  chairman, 
I  have  great  pleasure  in  taking  part  in  the  discussion  to-night,  more 
so  because  I  feel  that  I  am  addressing  a  body  of  gentlemen  who, 
by  their  scientific  attainments,  and  by  their  practical  knowledge  of 
arts  and  manufactures,  are  perfectly  qualified  to  come  to  a  true, 
just,  and  unbiassed  decision  on  the  question  now  before  us.  I 
stand  forward  an  honest  advocate  of  the  patent  laws.  My  life  has 
been  spent  altogether  in  connection  with  the  subject.  It  is  not  my 
intention  to-night  to  enter  into  an  abstract  discussion  upon  the 
rights  of  patentees,  or  upon  the  history  of  patents,  but  rather  to  lay 
before  you,  in  as  concise  a  manner  as  possible,  my  experience  during 
a  long  period  of  years.  After  all,  the  question  that  is  now  before 
us  is  a  question  of  practical  results.  I  quite  agree  with  what  has 
been  said  by  the  l^imes,  and  by  almost  all  the  papers — ^namely,  that 
if  the  patent  laws  must  be  maintained,  it  must  be  by  proof  that 
they  do  render  essential  benefits,  not  to  inventors  alone,  but  to  the 
nation  at  large.  It  is  upon  that  ground,  and  that  alone,  that  I 
desire  to  discuss  this  question. — After  the  debate  in  the  House  of 
Commons  he  wrote  two  letters,  which  were  published  in  the  local 
paper  of  the  district  to  which  he  belonged.  He  would  read  them, 
inasmuch  as  one  of  them  was  intended  to  be  a  reply  to  the  argu- 
ments used  by  Mr.  Macfie,  Sir  Koundell  Palmer,  and  Lord  Stanley; 
and  the  other  was  a  short  history  of  one  of  the  first  inventions  in 
which  he  was  engaged.  The  first  of  these  letters  concluded  as 
follows : — 

"  Without  the  law  we  should  not  have  one  inventor  where  we 
have  a  hundred  now,  for  the  best  of  reasons,  because  it  would  not 
pay.  During  the  last  twenty-four  years  I  have  taken  out  sixty-four 
patents,  and  have  spent  between  three  and  four  hundred  thousand 
pounds  in  carrying  them  into  practical  use.  I  have  fought  eight  or 
nine  actions  at  law;  I  have  given  to  other  inventors  above  one 
hundred  thousand  pounds,  and,  together  with  my  co-patentees 
(especially  Mr.  Donisthorpe),  I  have  saved  the  trade  of  Bradford 
millions ;  and,  notwithstanding  all  this  expense  and  trouble,  I  have 
— ^what  is  of  no  little  importance  to  myself,  although,  perhaps,  of 
none  to  the  public — won  a  good  stake,  without  the  hope  of  which 
inventors  and  inventions  would  soon  cease." 

The  second  letter  sketched  the  history  of  his  machine  for  comb\EL% 
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wool.  In  the  course  of  reading  these  letters,  Mr.  Lister  interpo- 
lated remarks  to  the  following  effect: — That,  having  worked  hard  in 
connection  with  inventions,  he  had  a  right  to  the  protection  of  the 
law,  and  that  it  would  be  very  hard  if,  after  having  achieved  suc- 
cess, that  success  were  seized  upon  by  competitors  who  had  done 
nothing  to  obtain  it.  A  man  who  had  worked  a  process  before  a 
patent  was  obtained  for  it,  had  a  right  to  continue  to  work  it  after- 
wards. With  respect  to  the  wool-combing  machine  referred  to  in  his 
letter,  he  said  that  it  had  made  a  marvellous  change  in  Bradford;  in 
fact,  it  had  changed  the  whole  nature  of  the  business.  All  parties 
had  endeavoured  to  overcome  the  difficulties  in  the  combing  of 
wool,  and  of  course  the  first  machine  was  invented  by  Dr.  Ark- 
wright  of  Doncaster,  to  whom  Parliament  granted  £10,000  of 
reward  for  his  invention.  However,  it  was  a  good  invention  for  him 
alone,  for  it  never  combed  a  pound  of  wool ;  and  if  we  were  to  have  a 
system  of  State  rewards,  we  ought  to  have  something  for  our 
money.  Without  a  patent  law,  how  many  would  not  move  a 
finger?  and  he  appealed  to  them,  as  a  sensible  body  of  men,  whether 
it  was  reasonable  that  a  man  who  had  risked  his  fortune,  and 
spent  many  years  of  his  life,  should  have  the  fruits  of  his  toil 
taken  from  him  by  competitors?  It  had  often  been  suggested 
that  we  should  have  a  committee  or  body  of  experts  to  examine 
inventions  before  patents  are  granted.  Now,  if  a  jury  and  a 
judge,  having  all  the  aid  of  scientific  witnesses,  could  not  discover 
any  difference  between  the  two  machines,  yet  the  trade— -the  one 
patent  expiring  before  the  other — Heilman's  expiring  four  or  five 
years  before  his  (Mr.  Lister's) — gave  him  £1,000  of  patent  right. 
The  machine  cost  only  £150,  yet  the  jury  found  there  was  no 
difference  between  the  two  machines.  I  cannot  (Mr.  Lister 
continued)  give  you  a  stronger  illustration  of  the  impossibility 
of  any  body  of  men  examining  and  reporting  upon  the  merits  of 
inventions.  Even  take  me  in  my  own  department — ^wool-combing, 
in  which  I  am  thoroughly  versant — ^I  feel  I  should  not  be  able  to 
decide  upon  the  merits  of  inventions  in  all  cases.  I  might  be 
able  to  decide  in  a  majority  of  them;  but  I  should  frequently  do 
iigustioe;  therefore,  I  consider  it  is  utterly  impossible  for  any  body 
of  men  to  do  this  work.  Possibly,  a  committee  might  cast  aside  a 
number  of  trifling  things,  and  weed  out  a  lot  of  chaff;  but  they 
must  lavish  money  with  a  liberal  hand,  else  they  will  do  great 
injustice  to  inventors.  I  was  fought  tremendously  by  machines  in 
operation;  but  at  the  present  time,  I  will  be  bound  to  say  that  the 
wholo  trade  with  one  acclamation  will  say  that  no  man  has  ever 
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done  them  more  good  than  I  have  done.  Yet  Sir  Alexander  Cock- 
bum  called  me  the  great  monopolist.  However,  I  shall  not  trouble 
you  with  any  more  personal  matters  than  I  can  possiblj  avoid. 
But  still  I  will  be  obliged  somewhat  to  refer  to  what  I  have  in 
hand,  because  my  object  is  this :  you  can  find  numbers  of  men  who 
can  write  you  able  treatises  upon  the  patent  laws  for  and  against; 
but  you  cannot  always  get  hold  of  men  who  have  spent  their  lives 
in  carrying  out  inventions  of  importance,  and  of  national  conse- 
quence. It  is  from  that  point  of  view  that  I  wish  to  speak  upon 
the  patent  laws.  The  next  matter  after  the  wool-combing  I  took 
in  hand  was  brought  to  my  notice  somewhat  singularly.  I  was  in 
town  in  the  year  1844  or  1845.  A  silk  broker  called  my  attention 
to  a  piece  of  dirty  stuff  which  he  called  chassum.  He  said  he 
would  take  a  hal^nny  per  pound,  and  that  there  were  hundreds 
of  bales.  I  bought  them.  I  set  to  work  to  try  to  make  some  use 
of  it.  He  said  any  quantity  could  be  imported,  if  I  could  use  it.  I 
worked  for  ten  years.  I  was  out  of  bed  early  and  late;  up  at  half- 
past  five  o'clock,  and  at  work  till  a  late  hour.  I  spent,  or  rather  I 
advanced,  £360,000  before  I  accomplished  the  end  sought.  At  last 
I  mastered  the  difficulty.  What  are  the  results?  I  did  not  injure 
trade;  but  I  created  a  new  trade.  Chassum  was  unknown.  Chassum 
was  not  used  in  trade  at  all.  We  now  import  3,000  bales  our- 
selves, besides  using  largely  the  importations  of  others.  What  is 
the  price?  From  Is.  to  3s.  3d.  I  wish  to  shew  that,  in  this  special 
case  at  any  rate,  I  cannot  be  said  to  be  injuring  the  publio— there 
is  so  much  said  about  patents  damaging  the  public.  Here  a  new 
manufacture  was  entirely  created,  which  did  not  exist.  But  sup- 
pose the  patent  law  had  offered  me  no  protection,  can  you  suppose 
that  I  should  have  madly  gone  on,  after  seeing  my  fortune  vanish, 
to  obtain  that  which,  the  moment  I  had  accomplished  it,  competitors 
were  at  liberty  to  seize?  Having  accomplished  that,  I  took  in  hand 
a  new  race — a  race  in  which  all  can  yet  enter,  because  I  have  not 
accomplished  the  results  sought.  It  is  a  race  the  conditions  of 
which  are  immense  labour,  large  expenditure,  and  possibly  no 
result.  Mr.  Macfie  is  quite  at  liberty  to  enter  the  race,  if  he  thinks 
fit,  or  any  of  you  gentlemen.  I  can  tell  you  I  am  going  to  offer 
you  splendid  stakes-~one  of  the  best  cups  of  the  day.  I  will 
offer  you  £50,000  if  you  manage  it.  What  do  you  think  it  is?  It 
is  a  manufacture  which  at  the  present  time  does  not  exist  in  Eng- 
land— at  least,  only  in  a  very  subordinate  state — ^the  manufacture  of 
velvet  by  power.  It  is  called  black  velvet.  That  velvet  at  the 
present  time  is  manufieustured  altogether  at  Crefeld  or  Lyons^  and 
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different  parts  of  France.  We  supply  the  larger  portion  of  the 
yams  for  its  Tnarnifactiire  at  Crefeld.  But  as  I  have  said,  there  is 
no  manTi£EuH;ure  of  that  kind  in  all  England.  Now,  it  will  be  a 
source  of  great  pride  and  pleasure  to  me,  if  I  can  create  a  new 
industry  without  injuring  my  neighbours — ^if  I  can  bring  to  Eng- 
land that  which  enriches  her  without  damaging  my  neighbours. 
I  have  said  I  have  taken  in  hand  a  new  race  which  is  open  to  you 
all.  But  I  tell  you,  none  of  you  will  accomplish  it  without  years 
of  labour,  and  thousands  of  expenditure.  But  it  may  be  and  it 
will  be  accomplished  by  perseverance,  knowledge,  and  application; 
—especially,  and  above  all,  by  hard  work. 

After  dwelling  upon  the  injustice  of  depriving  an  inventor  of 
the  reward  of  his  labour,  anxiety,  and  expenditure — an  injustice 
which  could  only  be  equalled  by  stripping  the  landlord  of  his  broad 
acres — ^Me.  Listeb  proceeded : — 

Then  let  us  look  at  the  question  in  another  point  of  view. 
Mr.  Macfie  says,  *^  Oh,  Mr.  Lister,  we  have  got  a  scale  of 
Government  rewards;  let  us  see  in  which  category  we  shall 
put  you.  Shall  it  be  in  the  £10,000,  the  £50,  or  the  ticket 
of  merit?"  I  see,  upon  looking  at  the  long  list — ^for  I  have 
nearly  forgot  all  my  labours — ^which  enumerates  something  more 
than  sixty-four  patents,  my  maiden  effort  was  for  applying 
fringes  to  shawls.  That  was  successful.  We  fringed  thousands 
of  shawls  with  the  machine.  The  cost  of  it  was  £100.  WeU, 
in  a  case  like  that,  it  would  have  been  a  nice  maiden  reward  to 
have  got  £10,000.  I  would  have  thought  I  was  an  uncommonly 
clever  fellow,  and  would  have  prized  such  a  reward  highly.  Well, 
in  such  a  case,  the  Government  reward  would  answer.  But  let 
us  think  what  is  to  be  the  measure  of  reward  of  a  man  who  stakes 
his  all — not  that  I  intended  to  stake  it,  but  I  was  led  on,  as  many 
are  often  to  their  ruin.  I  find,  in  looking  at  the  balance  sheet  after 
we  had  achieved  success,  that  we  wrote  off — although  I  advanced 
£360,000,  that  was  not  all  lost,  mind  you — we  wrote  off  in  the 
next  balance  sheet,  when  we  began  to  make  profits,  a  quarter  of  a 
million  as  absolutely  gone.  But  suppose,  on  Mr.  Macfie's  system, 
we  had  gone  to  Parliament,  Mr.  Macfie  might  have  said,  ''  Good 
fellow,  Mr.  Lister,  you  are  very  ingenious.  We  will  treat  you 
liberally;  we  will  take  you  to  the  House,  and  see  what  is  to  be 
done."  "The  first  thing  that  I  want,"  I  reply,  "is  the  money 
of  which  I  am  out  of  pocket.  Please  to  hand  me  £250,000.  Then, 
Mr.  Macfie,  Pll  tell  you  what  I  want.  Any  man  who  runs 
the  risk  of  losing  £250,000  is  entitled  to  at  least  double  the  amount 
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he  has  spent,  and  I  will  thank  you  further  for  £500,000  !"     Mr. 
Macfie  goes  to  the  House,  and  he  sajs,   "Well,  gentlemen,  I 
don't  think  it  is  an  excessive  reward."    I  suppose  he  sajs  so.     I 
suppose  he  means  to  treat  me  well.    What  does  the  Chancellor 
of  the  Exchequer  sayl    "£750,000!   where  is  that  to  be  got?" 
The  thing  is  absurd.     I  only  give  you  an  illustration  of  how  foolish 
and  nonsensical  such  a  thing  would  be.    And  further,  the  system 
of  State  rewards  will  certainly  end  in  money  being  given  for  a 
multitude  of  things  which  look  on  the  face  of  them  as  if  they 
were  practical  things,  but  which  will  prove  not  to  be  so.     A  man 
will  shew  a  loom  which  works  well  so  long  as  he  sits  by  it;  but 
when  it  passes    into    the    ordinary  workshop,   and    comes   into 
practical   hands,  it  is  not  worth   having.      And    yet    the    man 
receives  £10,000,  as  if  he  had  done  a  very  clever  thing !    Well,  to 
turn  to  my  last  baby,  the  loom  for  weaving  velvet.     Suppose  there 
were  no  patent  law;  suppose  it  were  abolished  to-morrow;  what 
would  I  do  next  day?    Shut  up  shop;  and  in  so  doing  I  should  only 
be  acting  as  everybody  else  would.     But  there  are  lots  of  people, 
says  Mr.  Macfie,  who  like  to  work  for  the  public  good;  lots  of 
rich  men  who,  from  love  of  their  country,  will  spend  their  money 
in  this  way.     I  confess  I  have  not  sufficient  public  spirit  to  do 
so;  and  I  think  the  majority  of  us  would  say  the  same.     I  have  an 
illustration  also  pointing  to  the  £eu;t  that  the  Patent  Office  is  of  great 
use  in  recording  the  exact  state  of  any  new  process  of  manufacture. 
As  a  matter  of  course,  all  sorts  of  inventions,  including  the  least 
valuable,  flow  to  the  Patent  Office;  and  any  man  who  wants  himself 
thoroughly  posted  up,  goes  to  see  what  his  competitors  are  doing. 
Without  the  record  of  the  Patent  Office,  lots  of  us  would  be 
travelling  over  the  same  ground ;  and  I  cannot  give  you  a  stronger 
illustration  than  what  happened  to  myself  some  time  ago.      I 
invented  a  swivel  shuttle  of  peculiar  construction  for  inserting 
silk  into  a  plain  ground.     Well,  though  that  invention  was  made 
twenty  years  ago,  a  gentleman  called  upon  me  the  other  day  with 
a  new  patent  shuttle,  being  precisely  the  thing  I  invented  twenty 
years  ago !      Because  I   had  not    patented  it,   he    travels    over 
precisely  the  same  ground.     This  shews  that  the  Patent  Office 
is  very  valuable  in  that  point  of  view.     I  have  only  cursorily 
looked  into  this  book,  AbolUion  ofFatmt8f  but  I  have  seen  enough 
to  cause  grave  thought.     I  readily  admit  that  there  may  be  a 
good  deal  said  on  the  other  side  of  the  question,  because  I  know 
very  well  that  you  may  put  the  thing  in  various  lights  by  which 
the  public  are  injured;  but  I  think  I  have  already  shewn  to  you 
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that  if  there  be  evils,  there  are  greater  counter-balancing  ad- 
vantages, and  that  to  destroy  the  patent  law  would  be  tantamount 
to  destroying  the  inventive  genius  of  the  age.  Now,  Mr.  Macfie, 
though  he  has  some  very  weighty  reasons,  has  a  great  deal  of  chaff 
with  a  very  little  com.  Amongst  other  things,  he  endeavours 
to  make  it  out  that  inventions  raise  the  price  of  products,  and 
quotes  the  case  of  Mr.  Bessemer's  patent,  on  which  Mr.  Bessemer 
charges  £2  per  ton;  and  he  says,  if  that  £2  per  ton  were  not  charged 
the  iron  would  be  sold  cheaper,  and  he  calls  that  raising  the 
price.  Everybody  knows  that  a  patent  is  entirely  useless  unless 
it  makes  something  better  or  cheaper,  because  it  must  necessarily 
come  into  competition  with  the  thing  that  exists;  and  it  only 
can  be  successful  either  by  reason  of  its  cheapness,  or  its  bettering 
the  thing  which  it  competes  with.  In  Bessemer's  case  a  better 
thing  is  produced;  and  Mr.  Macfie  is  entirely  at  sea  in  saying 
that  patents  enhance  the  price  of  materials.  A  gentleman 
has  published  a  short  essay  on  patent  right — a  gentleman  in 
Glasgow  of  some  celebrity — and  it  is  an  exceedingly  clever  article, 
but  I  think  he  is  practically  unacquainted  with  the  subject  he 
writes  about.  The  writer  is  Mr.  James  Stirling, — a  man  who  has, 
I  am  informed,  written  some  clever  works ;  and  that  is  the  very 
reason  why  I  have  selected  him,  to  analyze  what  he  has  to  say 
as  an  authority.  He  says,  first,  *^  Patent  right  cannot  be  defended 
on  the  ground  of  justice.''  I  say  it  can.  I  say  my  patents  for  my 
silk  process,  my  wool  process,  and  velvet  process,  are  all  patents 
of  justice,  and  patents  which  I  feel  every  one  will  admit  I  am 
thoroughly  entitled  to.  The  next  thing  he  says  is,  ''The  object 
of  a  patent  law  is  to  establish  a  '  property  in  ideas.' "  If  I  know 
patent  law  at  all,  I  should  really  be  puzzled  how  to  make  a  valid 
patent  out  of  an  idea.  I  would  have  great  difficulty  in  finding 
an  agent  who  would  make  a  patent  out  of  nothing.  That  argu- 
ment is  based  on  a  &lse  ground.  Then  he  says, ''  Thought  cannot 
be  appropriated."  Certainly,  ideas  cannot  be  appropriated ;  neither 
can  patents  be  taken  for  ideas.  He  thinks  they  can.  Again,  he 
says,  ''Patent  law  is  founded  on  a  conventional,  not  a  natural 
right."  I  appeal  to  you  whether  my  experience  does  not  shew 
that  it  is  founded,  not  on  a  conventional,  but  on  a  natural  right, — 
the  natural  right  that  a  man  has  to  enjoy  the  fruit  of  his  own 
labour.  He  finishes  by  saying,  "  On  the  whole,  patent  law  seems 
a  blunder,  founded  on  the  antiquated  notion  of  giving  State  encour- 
agement to  certain  favoured  modes  of  human  activity."  Altogether, 
Mr.  Stirling's  essay  shews  it  to  have  been  written  by  a  man  who 
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18  not  practically  acquainted  with  the  working  of  the  law,  and 
I  may  pass  it  over  without  further  notice.  All  I  have  to  say  in  con- 
clusion is,  that  I  feel  that  to  abolish  the  patent  law  would  be  neither 
more  nor  less  than  to  cut  off  the  right  arm  and  pluck  out  the 
right  eye  of  commerce  and  ingenuity,  and  thus  maimed,  to  leave 
us  to  struggle  as  we  best  could  with  the  competition  of  the 
Continent. 

Mb.  Edmund  Hunt. — To  consider  whether  or  not  there  should  be 
a  total  abolition  of  patents  seems  to  me  almost  like  wasting  the  time 
of  the  Society,  for  I  am  sure  that  if  the  votes  were  at  once  taken  on 
that  point,  they  would  shew  a  very  large  majority  against  abolition. 
I  think  the  resolution  which  has  been  proposed  should  have  been 
more  strongly  worded  in  reference  to  this  point,  and  .that  it  should 
have  been  divided  into  two  or  more  separate  resolutions.  I  would 
have  the  first  resolution  in  the  form  of  a  simple  negative  to  that 
recently  proposed  in  Parliament  by  Mr.  Macfie.  I  would  say, — 
^  In  the  opinion  of  this  Society  the  time  has  not  arrived  when  the 
progress  of  the  arts  and  manufactures  in  this  country  would  be 
promoted  by  the  abolition  of  patents  for  inventions." 

Abolitionists  deny  that,  as  a  rule,  inventions  and  discoveries 
would  be  kept  secret  if  there  wses  not  the  inducement  of  patents  to 
promote  their  publication ;  but  what  can  they  say  to  the  positive 
£EUJt,  that  even  our  present  patent  system  does  not  hold  out  sufficient 
inducement  to  cause  the  publication  of  such  inventions  as  can  be 
conveniently  worked  in  secret.  It  is  well  known  that  at  this  very 
moment  several  lucrative  inventions  are  worked  in  secret,  and,  of 
course,  without  patents,  which  involve  publication.  I  may  instance 
an  early  invention  of  Mr.  Bessemer,  the  prolific  inventor,  who  has 
already  been  frequently  utilized  as  an  illustrious  example  in  the 
present  discussion.  That  invention  was  for  making  bronze  powders; 
it  was  never  patented;  but  has  been  very  profitably  worked  in 
secret  for  a  period  equal  to  the  duration  of  two  or  three  successive 
patents.  Some  of  the  best  processes  for  making  colours  from  coal- 
tar  are  not  patented,  but  worked  in  secret ;  and,  no  doubt,  many 
members  of  this  Society  will  be  aware  of  various  valuable  chemical 
processes  which  are  worked  in  secret  in  this  neighbourhood. 

The  existing  patent  system  has  various  defects  which  are  generally 
acknowledged,  but  remedies  have  been  proposed  which,  if  not  attain- 
ing absolute  perfection,  are  so  certain  to  be  very  beneficial,  that  even 
abolitionists  cannot  refuse  a  trial  of  them  prior  to  the  carrying  out 
of  their  extreme  views.  We  must  remember  that  the  present 
system  has  practically  shewn  itself  to  be  a  very  great  improvement 
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upon  that  which  existed  prior  to  its  introduction  in  1852 ;  but  after 
seventeen  years'  experience  of  it,  it  is  quite  time  to  look  out  for 
something  better  still. 

An  important  question  is  the  cost  of  patents  and  the  taxes  on 
them.  I  agree  with  those  who  say,  the  taxes  paid  on  first  obtaining 
a  patent  should  be  not  more  than  what  will  cover  the  expenses  of 
the  Government  Patent  Office, — ^I  mean  the  expenses  of  a  simplified 
system,  and  not  those  of  the  present  one,  for  they  are  most  unneces- 
sarily increased  by,  amongst  other  things,  the  splitting  up  of  the 
process  of  obtaining  a  patent  into  three  or  four  formal  stages,  when 
one  or  two  at  most  would  be  quite  sufficient.  If,  however,  our 
legislators  decide  that  patents  shall  contribute  to  the  revenue  of  the 
country,  then,  I  say,  it  is  not  just  that  they  should  do  so,  except 
out  of  realized  profits ;  nor  is  it  just  that  every  patent  should  con- 
tribute alike,— one  yielding,  say,  £10,000  a  year,  paying  no  more 
than  one  yielding  £100  a  year.  If,  then,  patents  are  to  contribute 
revenue,  it  should,  in  my  opinion,  be  in  the  form  of  an  extra 
income  tax  on  profits,  which  could  be  collected  as  easily  as  the 
ordinary  income  tax,  and  along  therewith ;  which  would  bear  more 
fiedrly  on  patents  of  difierent  values,  and  which  would  not  be  grudged 
by  patentees,  like  the  present  patent  taxes. 

The  patent  system  in  the  United  States  is  superior  to  ours,  and  I, 
for  one,  would  accept  its  introduction  here  in  an  unaltered  state  as 
a  great  improvement.  At  the  same  time,  I  think  we  can  do  better — 
we  can  adopt  the  good  features  of  the  American  system  in  a  modified 
and  improved  form.  We  must,  certainly,  adopt  the  plan  of  examin- 
ing into  the  novelty  of  inventions  proposed  to  be  patented ;  for  the 
most  outcrying  evil  of  our  system  is  the  repeated  patenting  of  the 
same  things.  There  is  something  almost  of  the  nature  of  £raud  in 
the  working  of  our  system.  A  person  sincerely  believing  himself  to 
have  invented  something  which  turns  out  to  have  been  previously 
patented,  pays  the  Government  for  a  patent — that  is,  a  document 
professing  to  vest  in  him  certain  valuable  rights — whilst  there  exists 
in  the  same  office  the  means  of  knowing  that  the  self-same  commodity 
has  already  been  sold  by  €k)vemment  to  another  person.  The 
Government,  in  fact,  sells  and  receives  payment  for  something  which 
it  has  not  to  sell,  and  cannot  deliver. 

Now,  there  must  be  no  mistake  about  the  examination  as  to 
novelty  being  properly  efiected  under  any  new  Act.  The  Act  itself 
must  be  clear  and  definite  on  the  point,  and  must  contain  arrange- 
ments and  regulations  for  carrying  it  out,  so  that  it  will  not  be  left 
jn  the  power  of  Commissioners  to  nullify  its  benefits  by  unsuitable 
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regulations.  I  am  very  sorry  to  see  a  very  great  deficiency,  in  this 
respect;  in  an  Act  that  has  been  proposed  by  the  Council  of  the 
Inventors'  Institute.  The  proposal  embodied  in  this  Act  is, 
that  there  shall  be  six  assistant  Commissioners,  and  it  is  just 
mentioned  that  they  are  to  institute  an  investigation  as  to 
novelty  in  the  case  of  each  invention ;  but  no  mention  is  made  of 
assistant  examiners,  nor  of  the  various  arrangements  absolutely 
requisite  for  securing  a  thorough  examination.  Any  one  conversant 
with  the  subject  will,  I  am  sure,  agree  with  me  that  six  examiners 
are  not  nearly  sufficient. 

In  the  United  States,  the  examiners  have  the  power  of  refusing  a 
patent  for  a  thing  which  they  imagine  not  to  be  new.  I  say  imagine, 
because  in  practice  the  question  of  novelty  generally  involves  points 
as  to  which  personal  opinions  may  differ  very  much.  There  may  be 
cases  in  which  there  is  complete  identity  between  a  thing  proposed 
to  be  patented,  and  another  thing  patented  previously ;  but  such 
cases  are  very  few.  There  are,  however,  a  great  number  of  cases 
where  there  is  very  great  apparent  similarity  without  complete 
identity, — and  such  cases  are  likely  to  become  more  numerous  each 
year ;  for,  as  improvements  multiply,  they  have  necessarily  to  deal 
with  smaller  details,  and  individually  constitute  smaller  apparent 
advances,  whilst,  in  the  aggregate  at  least,  they  are  not  by  any 
means  less  useful  and  valuable.  What  really  gives  rise  to  the 
outcry  about  re-patenting,  is  the  common  fia^  that  a  patentee — not 
knowing  of  the  existence  of  something  similar  to,  but  not  identical 
with,  his  own  invention — draws  his  claim,  so  as  not  only  to  include 
his  precise  arrangement,  but  also  similar  things.  This  is  done, 
naturally  enough,  with  the  intention  of  warding  off  such  competi- 
tion as  would  diminish  the  value  of  his  patent ;  and  in  this  way 
many  claims  are  drawn  too  wide,  and  so,  taking  in  things  which  turn 
out  to  be  old,  render  the  patents  invalid.  This  would  obviously  be 
remedied  by  simply  communicating  the  necessary  information  to  the 
intending  patentee.  Without  being  aware  of  it,  probably,  the 
American  examiners  sometimes  exercise  functions  which  their  laws 
do  not  give  them.  They  will  say,  for  example,  that  a  certain 
improvement  is  not  patentable ;  the  reason  they  give  being  gener- 
ally that  it  is  too  much  like  something  previously  known  and  in  use. 
I  know  of  cases  wherein  this  has  happened,  and  the  particular 
improvements  have  afterwards  turned  out  to  be  of  great  value,  and 
the  patentability  never  questioned  by  practical  men.  Of  course,  the 
American  law  provides  for  appealing  against  the  decisions  of  the 
examiners;  and  in  some  of  the  cases  I  have  referred  to,  patents  have 
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been  ultimately  obtained.  Bnt  this  appealing  involves  very  much 
extra  trouble  and  expense,  and  is,  in  my  opinion,  altogether  uncalled 
for.  I  object  strongly  to  any  arbitrary  decisions  by  officials  affect- 
ing the  interests  of  intending  patentees.  I  think  the  expression  of 
opinion  by  officials  is  uncalled  for.  If  a  system  of  patents  is  a  good 
thing,  as  I  believe  it  to  be,  its  object^  from  a  legislative  point  of 
view,  can  be  none  other  than  to  encourage  inventions,  and  through 
them  to  promote  the  general  progress  and  advancement  of  arts  and 
manufactures.  Consistently  with  this  view,  the  inventor  should  be 
assisted  in  every  way;  and  I  would  claim  the  examination  as  to 
novelty  as  a  boon  to  inventors,  and  as  an  assistance  to  them ;  and  I 
would  earnestly  deprecate  the  contriving  of  this  examination  so  as 
to  make  it  a  terrible  ordeal  that  an  inventor  has  to  go  through, 
like  that  which  a  student  has  to  pass  to  obtain  a  diploma  or 
degree. 

When  an  inventor  lodges  a  description  of  an  invention  which  he 
wishes  to  patent,  the  examiners  should  make  a  report  upon  it, 
involving  the  question  of  novelty,  but  not  confined  to  that  question. 
The  report  should  be  in  the  form  of  a  simple  statement  of  things 
previously  patented,  or  otherwise  accessible  to  the  examiner  in 
public  works ;  and  not  only  of  any  that  the  examiner  may  happen 
to  think  exactly  or  almost  the  same  as  the  invention  in  question, 
but  also  of  any  bearing  an  obvious  resemblance  or  relation  to  it. 
It  is  only  in  this  way  that  the  examiner's  labour  can  really  be  fully 
utilized ;  for  even  if  his  report  were  merely,  "  It  is  new,"  or  "  It  is 
not  new,"  he  must  have  referred  to  and  compared  all  those  things 
that  he  would  have  to  mention  in  his  fuller  report.  And  there  is  yet 
another  reason  for  the  fuller  report :  the  inventor  ought  clearly  to 
learn  as  much  from  the  report  as  he  would  have  learned  by  mA.lring 
the  search  and  examination  himself.  Indeed,  in  my  opinion,  the 
true  and  incontrovertible  argximent  for  an  official  examination  as  to 
novelty,  is  that  of  the  economy  of  labour  it  involves.  At  present, 
even,  an  inventor  can  avoid  re-patenting  an  old  thing  by  making  a 
thorough  search  through  the  public  records  of  things  previously 
patented  or  in  use ;  but  if  every  inventor  were  to  do  this,  it  would 
involve  an  immense  amount  of  repeated  labours,  the  same  ground 
being  gone  over  by  one  after  another  incessantly.  With  an  official 
board  of  examiners,  each  member  of  it  will  confine  himself  to  one 
subject,  with  which  he  will  rapidly  become  thoroughly  familiar,  and 
the  examinations  will  in  consequence  be  effected  with  infinitely  less 
labour,  whilst  the  examiner's  disinterestedness  will  render  the 
reaulta  more  accurate  and  reliable. 
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The  inventor  should  receive  a  copy  of  the  examiner's  report  as 
soon  as  possible,  and  it  should  be  at  his  option  to  demand  a  patent 
or  not  as  he  sees  fit,  or  to  submit  an  amended  specification  or 
description.  The  reports  must  also  be  accessible  to  the  public  in 
some  form  or  other ;  otherwise,  it  would  be  possible  for  fraudulent 
persons  to  obtain  patents  for  old  things  and  mislead  the  public ;  but 
there  may  be  a  diversity  of  opinion  as  to  the  best  manner  of  making 
the  reports  accessible.  My  own  opinion  is,  that  the  specifications 
should  be  published  as  at  present,  and  the  reports  printed  in  full 
along  with  them.  The  specifications  might,  however,  be  printed 
separately,  and  copies  of  the  reports  be  obtainable  at  the  €k)vem- 
ment  office  only  when  specially  asked  for;  and  in  this  case,  the 
specifications  might  have  short  abstracts  of  the  reports,  or  perhaps 
nothing  at  all.  I  think,  however,  that  if  the  ordinary  specification 
prints  contain  either  no  reports,  or  short  abstracts,  or  even  if  they 
contain  official  expressions  of  opinion — as  some  will  probably 
nudntain  they  should — any  interested  person  requiring  to  see  the 
specifications  at  all,  is  sure  to  desire  to  also  see  the  full  reports,  and 
therefore  the  simplest  and  most  complete  plan  will  be  to  print  them 
along  with  the  specifications. 

There  is  one  valuable  feature  of  the  American  system^  the  adop- 
tion of  which  is  most  desirable  and  important.  In  our  own  country, 
the  law  will  not  allow  an  inventor  to  in  any  way  publish  or  publicly 
try  his  invention  before  he  applies  for  a  patent, — a  patent  being 
invalidated  by  prior  publication,  even  by  the  inventor  himself.  I 
have  never  heard  an  attempt  even  at  an  argument,  in  support  of 
this ;  and  I  think  it  is  the  principal  cause  of  patents  being  taken  for 
frivolous  things,  and  untried  schemes.  It  is  also  the  cause  of  many 
valuable  improvements  being  practically  lost  to  the  country.  I  refer 
to  cases  that  are  more  numerous  than  may  be  generally  supposed ; 
wherein  improvements  are  put  into  public  operation  without  a 
patent  being  thought  of  until  too  late.  An  inventor  in  such  a  case 
will  often  afterwards  inquire  if  he  can  get  a  patent,  but  finding  he 
csjmot,  has  no  interest  to  induce  him  to  push  the  introduction  of  the 
improvement,  and  the  public  lose  the  benefit  of  it.  In  America,  an 
inventor  can  get  a  valid  patent  so  long  as  his  invention  has  not  been 
in  public  use  more  than  two  years ;  he  has,  in  fact,  what  is  practi- 
cally equivalent  to  a  patent  for  two  years  without  either  cost  or 
trouble.  I  have  never  heard  a  hint  of  the  least  disadvantage  in  any 
way  arising  from  this  provision  in  America. 

It  is  even  worth  considering  whether  the  law  should  not  go  a  step 
further  than  to  merely  aUow  of  improvements  being  triod^  and  inai&t 
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on  their  being  tried  before  a  patent  can  be  obtained.  At  any  rate,  a 
patentee,  or  assignee  of  a  patent,  should  not  be  entitled  to  proceed 
against  alleged  infringers  until  he  has  got  his  invention  put  into 
practice,  either  himself  or  by  others  for  him. 

In  conclusion,  I  would  draw  attention  to  the  motion  Mr.  Macfie 
is  to  bring  forward  in  Parliament  during  the  ensuing  session.  He 
tells  us  it  is  for  a  committee  to  inquire  into  the  present  State 
method  of  dealing  with  inventions.  Now,  this  is  so  worded  as  to 
include  the  question  of  abolition,  and  in  this  form  it  cannot  be 
supported  by  this  Society,  if  the  first  resolution  is  agreed  to,  either 
in  the  form  proposed  by  our  President  or  in  that  suggested  by  me. 
But  I  think  there  can  be  no  doubt  that  Parliament  will  have  some 
inquiry  made  before  passing  any  new  Patent  Act,  and  I  think  any 
resolution  of  the  Society  on  this  point  should  be  so  worded  as  to 
urge  the  carrying  out  of  the  inquiry  in  the  most  comprehensive 
and  complete  manner.  Such  an  inquiry  as  was  instituted  in  1862 
would  be  simply  ridiculous.  The  Commissioners  must  not  confine 
their  labours  to  London,  and  to  the  reporting  of  the  remarks  of  any 
one  choosing  to  present  himself  before  them.  If  they  are  to  collect 
any  reliable  information,  they  must  search  it  out  in  the  various 
great  centres  of  the  arts  and  manufactures,  and  they  must  ascertain 
who  are  the  persons  whose  information  and  experience  are  worth 
reporting,  and  call  upon  them  to  communicate  them.  They  must 
learn  what  the  working  man  himself  has  to  say  on  the  matter;  and 
not  be  content,  as  in  1862,  with  lawyers'  and  employers'  opinions  as 
to  how  the  working  man  has  been  affected  by  the  patent  laws,  or 
will  be  affected  by  proposed  alterations.  I  would  suggest  the 
following  for  the  second  and  third  resolutions : — 

*'  The  seventeen  years'  experience  of  the  Patent  Law  Amend- 
ment Act  of  1852,  whilst  proving  that  it  possesses  important 
advantages  as  compared  with  the  system  previously  existing,  has 
shewn  that  various  great  but  remediable  defects  are  associated  with 
it,  and  the  time  has  arrived  for  the  introduction  of  an  improved 
system  of  patents  avoiding  those  defects." 

"Any  Parliamentary  inquiry,  instituted  with  a  view  to  im- 
proved legislation,  should  be  conducted  so  as  to  collect  the  fullest 
possible  information  from  the  various  important  manu&cturing 
centres  of  the  kingdom,  and  from  all  classes  in  any  way  concerned 
in  inventions  or  patents." 

Mr.  Andrew  Barclay,  Kilmarnock. — Having  taken  out  a  good 
many  patents,  and  spent  upwards  of  £20,000  in  making  experiments, 
my  opinion  is,  that  it  would  be  a  great  loss  to  the  community  at  lai^e 
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if  any  attempt  were  made  to  entirely  abolifih  the  patent  laws.  In 
1864  I  took  out  a  patent  for  an  improvement  on  the  jacquard, 
by  which  that  great  instrument  is  made  to  act  as  an  ejector  as 
well  as  injector;  to  throw  out,  as  well  as  to  throw  in.  I  spent  from 
jC6yOOO*to  £8,000  in  improving  that  instrument;  and  having  got 
it  well  nigh  perfection,  and  obtained  a  patent  for  it,  it  would  be 
a  very  great  hardship  if  the  public  were  now  to  reap  the  benefit 
of  my  five  or  six  years'  labour,  at  an  expense  of  not  less  than 
j£6,000,  toiling  from  early  in  the  morning  till  two  and  three  next 
morning,  when  it  had  failed  to  perform  its  functions  as  I  expected, 
till  I  succeeded  in  obtaining  the  results  I  desired.  I  may  state 
that  the  first  of  my  inventions  was  one  in  1842,  by  which  gas 
lustres  were  suspended  without  the  use  of  weights,  by  the  adoption 
of  the  beautiful  fusee  of  the  watch  to  regulate  the  descent.  I  sold 
that  to  Messrs.  R.  Laidlaw  &  Son  for  £100.  The  last  time  I  was  in 
their  office  they  told  me  they  had  made  33,000  of  them.  I  averaged 
they  would  have  £1  off  each  of  them,  and  thus  they  have  made 
£33,000  off  my  £100 ! 

The  President  then  moved  a  vote  of  thanks  to  Mr.  Lister, 
for  his  having  come  from  England  to  address  the  meeting, — ^which 
was  carried  by  acclamation. 

December  22,  1869. — The  Society  held  a  special  meeting  to 
continue  and  terminate  the  discussion  on  the  patent  laws.  The 
discussion  was  resumed  by — 

Mr.  J.  G.  Lawrie. — There  can  be  no  one  who  denies  that  those 
who  discover  a  great  invention,  which  is  useful  to  the  country, 
are  unquestionably,  in  common  with  all  public  benefactors,  en- 
titled to  public  rewards,  and  that,  if  the  patent  laws  accomplish 
the  end  of  bestowing  such  rewards  satisfactorily,  they  should  be 
supported. 

The  invention  of  the  condensation  of  steam  in  a  separate  con- 
denser, which  was  the  great  invention  of  James  Watt — ^the  applica- 
tion of  heat  to  the  air  with  which  smelting  furnaces  are  supplied, 
which  is  the  great  invention  of  the  hot  blast — ^the  application  of  the 
screw  propeller  to  the  propulsion  of  steam  ships,  an  invention  which 
is  second  to  none  in  connection  with  steam  navigation — the  electric 
telegraph,  which  will  one  day  monopolize  all  the  important  com- 
mercial intercommunication  of  the  world — are  inventions  of  vast 
importance,  and  upon  the  authors  of  such  inventions  should  be 
ungrudgingly  bestowed  liberal  rewards. 

The  theory  of  the  patent  laws  undoubtedly  is,  to  reward  great 
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public  bene&ctors — such  benefactors  as  the  authors  of  the  inventions 
I  have  named.  The  theory  is,  that  each  invention  is  a  clear,  well- 
defined,  and  separate  discovery;  that  it  stands  apart  from  erery 
other;  that  it  is  the  production  of  the  inventor  who  obtains  the 
patent;  that  it  is  of  great  national  importance;  and  that  the  invention 
would  have  remained  unknown  for  a  considerable  time  at  all  events, 
but  for  the  efforts  on  account  of  which  the  patent  has  been  granted. 

The  fjEMjt,  however,  is,  that  probably  no  invention  ever  made — 
certainly  none  of  those  I  have  named — ^was  wholly  invented  at  one 
step,  or  by  the  efforts  of  one  author  or  of  one  patentee. 

All  inventions,  or  certainly  all  of  importance,  have  been  the 
result  of  gradual  successive  steps,  of  which  the  last  has  been  but  the 
oopestone,  or  the  link  fitting  and  connecting  the  whole  for  applica- 
tion. In  many  cases  the  earlier  steps,  which  received  no  reward, 
have  possessed  the  greater  ingenidty,  have  been  the  result  of  the 
greater  amount  of  labour,  have  been  the  largest  strides  in  advance, 
and  have  certainly  been  entitled  to  the  largest  rewards. 

For  example,  the  locomotive  engine,  which  is  one  of  the  most 
useful  as  well  as  one  of  the  most  ingenious  machines  ever  contrived, 
has  been  the  result  of  a  thousand  successful  and  successive  steps, 
each  contributing  materially  to  the  pitch  of  excellence  to  which  it 
has  now  reached.  The  link  motion — a  most  important  part  of  this 
engine,  and  one  of  the  most  simple  not  less  than  one  of  the  most 
elegant  mechanisms  in  existence — has  advanced  through  many 
ingenious  steps,  and  now  that  the  main  or  principal  action  of  this 
mechanism  is  perfected,  it  is  impossible  to  award  the  share  of  merit 
deserved,  with  any  accuracy  or  fidmess,  to  the  different  contributors. 

The  burning  of  smoke,  and  the  use  of  coal  in  locomotives — another 
most  important  element  of  this  machine — ^has  also  advanced  through 
many  steps,  and  been  the  subject  of  many  patents.  Chemical 
principles  defined  the  conditions  by  which  this  advantage  could  be 
obtained,  and  mechanical  contrivances  were  combined  to  fulfil  these 
conditions.  These  mechanical  contrivances  were  the  subject  of 
numerous  patents;  yet  it  is  abundantly  obvious  that  without  a 
knowledge  of  the  chemical  principles  the  mechanical  contrivances 
would  not  have  been  proposed,  the  end  sought  could  not  have  been 
attained,  and  it  is  therefore  not  difficult  to  decide  that  the  chemical 
discoverers  of  the  conditions  to  be  fulfilled,  who  could  not  have 
obtained  a  patent,  and  who  did  not  receive  any  reward,  had  greater 
claims  to  be  the  true  discoverers  of  the  process  than  any  of  the 
numerous  mechanical  contrivers,  of  whom  all  who  chose  were 
rewarded  by  the  protection  of  a  patent. 
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The  locomotive  engine  being  comparatively  a  recently  contrived 
machine,  ita  history  is  not  forgot  or  obscured  by  time,  and,  being 
wholly  a  new  machine,  its  construction  has  been  developed  rapidly, 
yet  it  is  utterly  impossible  even  now,  when  the  facts  are  vivid  and 
distinct,  to  divide  the  merit  belonging  to  any  one  part  of  it  among 
those  who  have  contributed  to  its  advance,  or  to  award  with  justice 
patent  rights  to  one,  to  the  exclusion  or  in  preference  to  the  others. 
If  the  locomotive  engine  had  been  a  single  invention,  the  pro- 
duction of  a  single  inventor,  or  if  a  considerable  part  of  it  had  been 
so,  then,  in  the  spirit  of  the  patent  laws,  a  public  reward  might 
have  been  Justly  due,  and  then  the  dangers  of  litigation  among 
contending  and  rival  inventors  might  not  have  been  incurred ;  but 
the  fact  is,  that  almost  each  pin,  and  certainly  each  detail  of  the 
contrivance,  has  been  contributed  by  so  many  different  inventors, 
leaving  scarcely  a  point  of  detail,  in  the  words  of  Robert  Stephenson, 
which  is  not  a  subject  of  dispute,  that  nothing  can  be  more  unjust 
than  to  award  to  one  or  more  of  these  inventors  a  preference,  to  the 
injury  of  the  others,  while,  in  reality,  none  of  them  have  done 
anything  more  than  would  have  been  done  by  an  equal  number  of 
other  engineers  who  might  have  happened  to  be  employed  upon  the 
work  in  which  the  locomotive  originated. 

Such  are  the  facts  concerning  this  machine,  and  concerning  the 
patents  which  abound  around  it,  and  such  are  the  facts,  to  a  greater 
or  less  degree,  regarding  every  other  invention,  whether  the  object 
be  important  or  unimportant.     In  the  words  of  a  writer  of  some 
distinction, — "Among  the  number  of  patents  granted,  there  are 
comparatively  few  which  can  be  called  original,  so  that  it  is  difficult 
to  say  where  the  boundary  of  one  ends,  and  where  that  of  another 
begins;  that  which  is  hailed  as  an  original  invention  is  often  found 
to  be  but  the  result  of  a  long  succession  of  trials  and  experiments 
gradually  following  each  other,  and  ought  rather  to  be  considered 
as  a  continuous  series  of  achievements  of  the  human  mind,  than  as 
the  conquest  of  any  single  individuaL     One  starts  the  idea,  another 
develops  it,  and  so  on  progressively,  until  at  last  it  is  elaborated 
and  worked  out  in  practice;  but  the  £rst  not  less  than  the  last  is 
entitled  to  his  share  in  the  merit  of  the  invention,  were  it  only 
possible  to  measure  and  apportion  it."     To  give  State  distinction, 
State  protection,  and  State  reward  to  the  last  alone,  is  not  more 
unjust  to  the  others  and  to  the  public  than  it  would  be  to  award  to 
the  proprietor  of  land,  who  happened  to  be  the  last  arranged  with 
of  a  hundred  through  whose  lands  a  projected  railway  is  to  pass,  a 
payment  for  the  land  proportioned,  irrespective  of  its  intrinsic  vQ.b3A^ 
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to  the  necessity  of  procuring  the  land  of  that  proprietor,  it  being 
then  the  connecting  link  of  all  the  other  land  already  arranged  for, 
and  which,  without  this  connecting  link,  would  be  almost  worthless 
for  the  formation  of  the  railway.  Plainly,  such  a  value  would  be 
most  unjust.  Patents  are  so  readily  obtained  for  every  kind  of 
claimed  invention,  whether  it  be  really  new  or  really  old,  whether 
it  possess  any  utility  or  be  of  no  value  whatever,  that  those  in- 
ventors, who  are  fiir  firom  being  well  informed  on  the  subject  which 
they  seek  to  improve,  are  not  unfrequently  most  prolific  in  supposed 
inventions,  and  most  prolific  in  patents.  On  this  account  patents 
abound  which  are  utterly  worthless  in  their  object,  and  utterly 
worthless  from  want  of  novelty. 

These  defects  not  unfrequently  recoil  upon  the  patentees  them- 
selves, who  are,  in  consequence,  involved  in  considerable  expendi- 
ture and  great  disappointment.  Thus,  although  the  theory  and  the 
intention  of  the  patent  laws  is  to  protect  and  to  reward  meritorious 
inventions  and  meritorious  inventors,  the  practice,  the  abuse  of 
the  intention  of  the  patent  laws  is,  that  inventions  the  most  worth- 
less receive  the  distinction  of  protection,  and  inventors,  who  have 
no  just  claim  whatever  to  reward,  are  armed  with  an  instrument 
by  which  to  demand  it  from  the  public. 

By  abuse  of  the  intention  of  the  patent  laws,  inventors  are  armed 
with  the  means  of  demanding  from  the  pubUc  a  payment  or,  in 
many  cases,  virtually  black-mail  for  patent  rights  which  should  not 
have  been  granted.  Inventors  are  armed  with  the  means  of  in- 
volving the  public  in  litigation  to  defeat  unjust  demands,  or  of 
enforcing  from  the  public  compliance  with  these  unjust  demands, 
under  terror  of  litigation.  Inventors  are  armed  with  the  means  of 
fraudulently  assuming  the  name  *^  patent,"  and  thereby  imposing 
upon  the  public.  Inventors  are  armed  with  the  means  of  fraudulently 
imposing  upon  the  public  by  the  sale  of  articles  at  high  prices, 
calling  them  patent  after  the  patent  has  expired.  And  inventors 
are  armed  with  the  means  of  involving  themselves  in  great  dis- 
appointment and  in  great  loss,  under  the  allurements  of  what  is 
little  else  at  best  than  a  lottery  for  profit,  but  which  more  frequently 
proves  to  be  a  snare  and  a  delusion. 

These  are  effects  arising  from  the  patent  laws,  each  of  which  is 
productive  constantly  of  a  vast  amount  of  injury. 

To  remedy  these  defects  in  the  operation  of  these  laws,  it  has 
been  proposed  to  sift  the  applications  for  patents  before  the  patents 
are  granted.  It  has  been  proposed  to  appoint  a  standing  Oommis- 
Bion,  or  to  establish  judges,  before  whom  all  applications  for  patents 
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would  &11  to  be  supported,  and  who  would  decide  upon  the  merita 
of  the  applications,  whether  they  be  new,  and  whether  they  be  of 
utility  sufficient  to  justify  the  bestowal  of  a  monopoly.  But  no 
judges  or  Commissioners,  however  well  informed,  or  however, 
numerous,  could  possibly  perform  these  duties.  In  the  administra- 
tion of  the  law  concerning  common  property,  the  rights  of  parties 
cannot  be  ascertained  without  the  examination  of  elaborate  evidence 
produced  by  opposing  interests,  and  these  rights  constantly  turn, 
even  under  such  searching  investigation,  upon  niceties  that  perplex 
judges,  counsel,  and  jury.  If  these  difficulties  occur  with  the 
claims  of  ordinary  property,  they  would  occur  much  more  fre- 
quently, as  they  do  at  present,  in  patent  cases,  under  the  technical 
questions  which  would  arise  in  the  applications  for  patents  for 
inventions— questions  that  would,  in  most  applications,  if  not  in 
all,  be  unexplained  by  the  full  evidence  which  is  now  produced  in 
patent  cases,  and  that,  being  unexplained  by  practical  application, 
no  human  foresight  could  enable  any  judges  to  look  into  futurity 
and  to  give  effect  to  the  ever-varying  circumstances  that  turn  up 
from  time  to  time,  under  which  the  value  or  the  importance  of  an 
invention  increases  or  diminishes.  Moreover,  even  with  the  fullest 
investigation  that  can  be  made,  experience  tells  us  that  it  will  not 
do  to  accept  the  condemnation  of  any  discovery  upon  the  ground 
of  an  unfeivourable  opinion  entertained  by  compeers,  seeing  that 
some  of  the  greatest  discoveries  recorded  in  history  were  condemned 
as  erroneous  and  worthless,  by  contemporary  judges;  and  for  the 
same  reason  it  would  not  do  to  accept  the  importance  of  a  discovery 
upon  such  grounds. 

Such  a  mode  as  this,  by  a  Comnussion,  of  disposing  of  the  applica- 
tions for  patents,  if  carried  out  with  any  attempt  at  efficiency, 
would  incur  very  large  expenditure,  and  could  not  be  otherwise 
than  extremely  unsatisfactory  in  results. 

Patents,  if  granted  at  all,  must  either  be  granted  freely,  as  at 
present,  or  under  restriction,  as  proposed,  by  examination  before 
they  are  granted.  Ko  feasible  third  course  has  been  proposed  or 
is  apparent;  and  as  the  first  of  these  modes  is  most  unsatisfisujtory, 
and  the  second  is  wholly  unworkable,  the  question  arises.  Whether, 
apart  altogether  from  the  rights  of  the  public  involved  in  the 
principles  of  political  and  international  economy,  which  are  outside 
of  the  scope  of  these  remarks,  the  granting  of  patents  should  not  be 
discontinued,  and  whether  they  can  be  discontinued  without  in- 
justice to  inventors? 

Patents  are  granted  to  inventors  for  discoveries  that  are  in- 
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genioas  and  of  public  utility;  and  if  they  be  granted  to  some 
discoveries  because  of  these  qualifications,  it  is  impossible,  it  appears 
to  me,  to  see  any  just  grounds  upon  which  they  can  be  refused  to 
all  and  every  discovery  that  does  possess  these  qualifications. 

It  is  not  alleged,  and  it  cannot  be  alleged,  that  the  expenditure 
incurred  by  inventors  in  experiments  is  a  good  ground  for  saddling 
the  public  with  a  monopoly.  An  inventor,  in  all  necessary  expendi- 
ture, incurs  no  greater  risk  of  loss  than  is  inherent  to  all  mercantile 
enterprise.  A  merchant  exhausts  every  source  of  information,  and 
upon  the  information  he  receives  he  regulates  his  operations,  which 
are  profitable  or  unprofitable  as  the  event  may  prove.  A  ship- 
builder undertakes  to  build  ships;  the  men  strike,  and  imperil  the 
whole  transaction.  And  betwixt  the  expenditure  of  an  inventor, 
and  that  of  a  merchant  or  shipbuilder  in  the  hope  of  profit,  there 
is  this  remarkable  difference,  that  all  the  unsuccessful  and  un- 
necessary expenditure  of  an  inventor  arises  from  blunders  of  his 
own,  and  is  wholly  attributable  to  his  own  want  of  attainable 
knowledge  in  the  principles  with  which  he  is  dealing,  while  the 
losses  of  a  merchant  or  manufacturer  most  frequently  occur  from 
the  effects  of  a  changing  market — a  cause  wholly  beyond  his  control, 
and  in  its  very  nature  beyond  all  human  intelligence. 

The  £360,000  which  our  friend  Mr.  Lister  tells  us  he  spent  in 
experimenting  for  the  improvement  of  his  patents,  proves  his 
extreme  unacquaintance  at  that  time  with  the  subjects  he  was 
handling.  These  inventions  had  not  at  that  time  been  advanced 
to  a  state  without  which  no  inventor  should,  in  fairness,  feel  him- 
self justified  in  even  asking  a  monopoly  that  will  destroy  the 
progress  of  improvement  by  every  one  else  in  the  same  direction. 
If  they  had  been,  no  such  expenditure  would  have  been  necessary, 
nor  would  so  much  labour  have  been  required  for  the  sixty-four 
patents,  upon  each  of  which  he  paradoxically  tells  us  he  worked  for 
substantially  a  lifetime,  from  half-past  five  in  the  morning  till  late 
at  night.  X360,000 !  A  man  who  owns  that  sum,  and  experiments 
it  all  away,  is  indeed  a  great  and  rare  genius.  ''  Kara  avis  in  terris, 
nigroque  simillima  cygno."  No  other  specimen  of  this  singular  species 
has,  so  flEur  as  known,  ever  appeared  north  of  the  Tweed.  £360,000 ! 
It  is  impossible  to  help  wondering  whether  that  figure  included  com- 
pound interest,  and  what  the  rate  might  be.  £360,000 ! ! !  Notwith- 
standing, however,  this  expenditure  of  £360,000,  or  the  £250,000  that 
Mr.  Lister  informed  us  was  written  off  as  lost,  it  is  abundantly  plain 
that  no  amount  of  extravagance,  or  ill-advised  expenditure  incurred 
hy  an  inventor,  can  furnish  any  ground  for  imposing  a  monopoly 
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upon  the  public,  or  for  granting  a  patent  by  which  an  inventor 
can  make  demands  of  any  amount  he  chooses,  and  therefore  I 
repeat  that  patents  are  granted  to  inventors  for  (mark  the  cri- 
terion) discoveries  that  are  ingenious  and  of  public  utility;  and  if 
they  be  granted  for  some  discoveries  because  of  these  qualifications, 
it  is  impossible  to  see  any  just  grounds  upon  which  they  can  be 
refused  to  all  and  every  discovery  that  does  possess  these  qualifi- 
cations. 

If,  therefore,  patents  or  rewards  or  monopolies  are  justly  granted 
to  improved  machines  for  brushing  boots  and  shoes,  why  should  a 
patent  and  reward  be  refused  to  a  discovery  such  as  Dalton's  atomic 
theory?  If  a  patent  is  justly  granted  for  dye  stuff  for  dyeing 
whiskers  that  evince  a  tendency  to  a  gray  colour,  why  should  a 
patent  and  reward  be  refused  to  Harvey's  discovery  of  the  circulation 
of  the  blood?  If  a  patent  or  reward  is  justly  granted  for  crinoline 
skirts,  why  should  a  reward  be  refused  for  the  discovery  of  vacci- 
nation? If  patents  are  justly  granted  for  improved  machines  for 
hatching  eggs,  why  should  a  reward  be  refused  for  the  discovery  of  the 
identity  of  heat  and  dynamic  force  or  work?  If  a  patent  is  justly 
granted  for  the  discovery  of  a  new  wig,  why  should  a  reward  be  re- 
fused for  the  discovery  of  chloroform  or  of  carbolic  acid?  If  patents 
are  justly  granted  for  the  discovery  of  scented  soap  or  for  a  door 
handle,  why  should  rewards  be  refused  for  the  discovery  of  latent 
heat,  or  for  the  discovery  of  the  composition  of  water,  or  for  the 
discovery  of  the  length  of  the  pendulum?  If  patents  or  monopolies 
are  justly  granted  for  wool-gathering  machines,  or  for  machines  that 
do  something  or  other  to  velvet  nap,  upon  which  Mr.  Lister  at  last 
meeting  placed  infinite  stress,  why  should  rewards  not  be  obtained 
by  the  discoverers  of  the  properties  of  the  mariner's  compass,  or  for 
the  discovery  of  logarithms? — ^although,  no  doubt,  there  are  persons 
that  pander  to  the  tastes  of  those  that  place  infinite  importance 
upon  such  gewgaws  and  cobwebs  as  are  produced  by  the  former 
discoveries,  and  who  are  wholly  unable  to  appreciate  or  to  see  any 
value  whatever  in  the  latter.  If  patents  or  rewards  are  justly 
granted  for  the  discovery  of  improved  buttons,  why  should  rewards 
be  refused  for  the  discovery  of  the  law  of  gravitation,  or  for  the 
discovery  of  the  differential  and  integral  calculus?  Do  the  dis- 
coveries of  machines  for  brushing  boots  and  shoes,  of  scented 
soap,  of  buttons,  of  wigs,  of  wool-gathering  machines,  or  velvet 
nap  machines,  or  of  machines  for  hatching  eggs,  display  more 
ingenuity,  or  are  they  of  greater  public  utility,  than  the  discoveries 
of  the  law  of  gravitation,  the  identity  of  heat  and  woTk^  o^  t\^^ 
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circulation  of  the  blood,  of  vaccination,  of  anaesthetics,  of  carbolic 
acid,  of  the  atomic  theory,  or  of  the  differential  calculus)    The 
former  of  these  discoveries  cannot  be  possessed  of  exceptional  in- 
genuity, as  such  discoveries  abound  on  all  sides  and  on  all  subjects, 
and  from  that  very  cause  are  not  exceptional, — ^yet  they  are  re- 
warded with  the  distinction  of  a  monopoly.     You  cannot  look  out 
of  the  window  without  looking  through  glass  that  is  involved  in 
numerous  patents.     You  cannot  look  through  the  room  in  which 
you  may  chance  to  be,  without  seeing  probably  a  gasalier  almost 
made  of  patents,  without  seeing  patent  picture  cords,  patent  door 
handles,  patent  door  hinges,  patent  paint  on  the  walls.     You  cannot 
sit  down  on  a  chair  which  is  not  patent  in  its  castors,  or  in  the  hair 
with  which  it  is  stuffed,  or  in  the  material  with  which  it  is  covered, 
or  in  the  machinery  with  which  the  hair  or  the  covering  material 
is  prepared.     You  cannot  walk  across  the  room  without  treading  on 
a  carpet  that  is  not  patent  in  some  respect  or  other,  and  probably 
in  many.     The  cab  in  which  you  drive  to  the  railway  station  is 
patent  in  its  springs,  or  its  wheels,  or  door  handles,  or  the  lining, 
or  in  its  lamp,  or  in  all.     The  carriage  in  which  you  travel  on  the 
railway  is  fall  of  patents.     The  engine  which  draws  you  is,  or  has 
been,  on  all  points,  trammelled  with  patents.     You  cannot  leave 
the  train  temporarily  during  a  long  journey  without  being  pestered 
with  patents.     You  cannot  take  a  run  into  the  country  without 
encountering  patent  fences,  patent  ploughs,  patent  harrows,  &c 
The  very  beasts  of  the  field  are  tormented  with  patents:  the  sheep 
are  smeared  with  patent  grease,  the  cows  are  milked  with  patent 
milking  machines,  the  grouse  are  killed  with  patent  shot,  and  the 
deer  are  shot  with  patent  rifles.     The  farm  homestead  is  blockaded 
with  patents :  the  pigs  are  fed  in  patent  troughs,  the  bullocks  are 
fed  on  patent  oil-cake,  the  hens  are  supplied  with  patent  drinking 
fountains,  the  milk  plates  are  patent,  the  cheese  press  is  patent,  the 
chum  is  patent,  the  washing  machine  is  patent,  the  straw  cutter  is 
patent,  the  thrashing  machine  is  patent.    Sometimes,  indeed,  you 
meet  patent  wives, — I  mean  housewives. 

If  we  were  deprived  of  the  discovery  of  such  inventions,  which 
there  is  no  reason  to  suppose  we  would  have  been,  though  patents 
had  never  existed,  because  all  that  is  worth  would  still  have  been 
devised,  but  even  if  we  were  so  deprived,  what  would  we  suffer  1 
We  might,  perhaps,  at  the  worst,  not  have  our  boots  quite  so  black ; 
we  might  be  unable  to  prevent  our  whiskers  from  becoming  gray; 
we  might,  perhaps,  be  obliged  to  wear  cloth  not  so  fully  double 
milled;  we  might  not  be  able  to  luxuriate  in  purple  velvet  and  fine 
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wool ;  we  might,  probably,  be  obliged  to  hatch  our  eggs  in  the  old- 
£Ekshioned  way; — in  short,  we  might  be  obliged  to  live  in  plainer 
houses,  some  of  ns  might  be  obliged  to  wear  dress  that  is  not  quite 
so  fast,  and  we  might  be  obliged  to  live  on  plainer  food;  changes 
which  moralists  and  medical  men  all  tell  us  would  be  attended  with 
much  advantage.  But  even  though  we  were  deprived,  wholly 
deprived,  of  the  discovery  of  all  the  inventions  ever  patented, 
humanity  would  not  be  lowered  one  iota  in  the  ranks  of  civilization. 

Deprive  us,  however,  of  a  knowledge  of  the  law  of  gravitation, 
deprive  us  of  a  knowledge  of  the  identity  of  heat  and  work,  of  a 
knowledge  of  the  circulation  of  the  blood,  of  vaccination,  of  chloro- 
form, of  carbolic  acid,  of  the  length  of  the  pendulum,  of  the 
differential  and  integral  calculus, — discoveries  which  have  received 
no  State  distinction  and  no  State  reward.  Deprive  us  of  discoveries 
such  as  these,  and  we  would  suffer  a  loss  indeed.  What  is  the 
trumpery  discovery  of  machines  for  hatching  eggs,  in  contrast  with 
the  discovery  of  the  atomic  theory?  What  are  the  trumpery  dis- 
coveries of  the  separate  condenser  and  the  hot  blast,  in  contrast 
with  Newton's  great  and  grand  discovery  of  the  law  of  gravitation, 
and  Harvey's  discovery  of  the  circulation  of  the  blood,  of  which 
the  former  discovery  explained  the  whole  solar  and  terrestrial 
system,  and  the  latter,  the  whole  system  of  the  human  frame;  or 
what  are  the  trumpery  discoveries  of  wool-gathering  machines,  of 
velvet  nap  machines,  or  of  soap  bubble  machines,  in  contrast  with 
the  discovery  of  the  differential  and  integral  calculus — a  calculus  by 
which  all  the  discoveries  in  pure  science,  all  the  exact  learning  of 
the  world,  and  great  practical  results  bounded  only  by  the  universe, 
have  been  advanced  with  giant  strides?  If  we  were  deprived  of 
such  discoveries  and  the  contemplations  to  which  they  lead,  we 
would  be  degraded  by  one  fell  swoop  to  the  level  of  savages. 

While  these  noble  discoveries,  which  are  full  of  ingenuity,  full  of 
public  utility,  and  of  unalterable  importance,  go  unrewarded,  no 
defence  whatever  can  be  pleaded  of  patents  and  monopolies  for 
inventions,  of  which  those  possessing  ingenuity  and  public  utility 
are  numbered  by  units,  those  possessing  neither  the  one  nor  the 
other  are  numbered  by  thousands,  and  none  of  them  are  more  than 
evanescent  things  of  the  moment.  It  is  impossible,  with  justice  to 
discoverers,  and  without  great  injustice  to  the  public,  that  such 
monopolies  can  be  maintained. 

Db.  Kobebt  Bell. — Though  some  of  the  arguments  adduced 
by  Mr.  Lawrie  are  very  good,  yet  others  I  consider  very  flimsy, 
and  I  beg  to  correct  Mr.  Lawrie  on  some  pointA.    Hi^  im^T&]ik  Hx^ 
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think  that  Jenner  was  not  rewarded  for  his  discovery  of  vacci- 
nation ;  but  he  received  some  £30,000  from  Government.  As  for 
patenting  the  circulation  of  the  blood,  the  thing  is  absolutely 
absurd;  and  the  patenting  of  the  law  of ' gravitation  is  another 
very  absurd  thing. 

If  the  patent  laws  were  extinct,  then  the  great  incentive  to  men 
of  genius  to  develop  and  mature  ideas  which,  when  put  into 
practical  use,  may  prove  to  be  of  infinite  value  to  the  community, 
would  be  stamped  out.  I  say,  that  if  the  project  of  abolition  is 
carried  into  effect,  Britain  no  longer  will  be  the  wellspring  of 
inventive  talent.  No  longer  will  she  stand  foremost  among  the 
nations  as  the  introducer  of  so  many  new  and  useful  and  ingenious 
machines,  of  which  hitherto  she  has  been  so  justly  proud.  Let  us, 
then,  stand  up  for  a  patent  law,  but  let  that  be  a  reformed  and 
improved  law;  for,  as  it  now  exists,  it  is  a  great  tax  on  a  man's 
ingenuity,  and  I  hold  that  that  ought  to  be  encouraged  as  well  as 
protected.  What  right  has  the  Government  to  be  overpaid  for 
work  which  is  often  very  imperfectly  performed?  No ;  I  maintain 
that  it  would  pay  Government  better  to  take  no  profit  for  giving 
protection  to  patentees;  and  if  even  by  a  slight  loss  it  could 
encourage  inventive  genius,  it  would  indirectly  reap  richer  benefits. 
Moreover,  it  would  be  most  desirable  that  an  international  patent 
law  should  exist ;  and  I  am  convinced  that  this  could  be  obtained, 
if  properly  gone  about. 

If  protection  is  taken  away  from  inventors,  surely  authors 
must  lose  their  protection  also.  If  the  patent  law  is  abolished, 
it  stands  to  reason  that  that  relating  to  copyright  must  go  too. 
But  the  abolitionists  tell  us  that  they  do  not  wish  the  inventors  to 
go  unrewarded.  Oh,  no ;  the  State  is  to  do  that !  Then,  I  ask,  what 
right  have  I  to  pay  into  a  frind  to  reward  an  invention,  the  profits 
of  which  will  be  reaped  by  only  a  limited  part  of  the  community, 
so  that  these  few  may  have  their  pockets  filled  at  the  public  expense? 
It  would  be  quite  a  different  thing  if  the  invention  was  one  which 
alleviated  suffering  and  benefited  humanity — e.  g.,  chloroform.  Then 
such  a  man  is  bound  to  give  out  his  invention  to  his  fellow- 
creatures,  irrespective  of  reward,  and  find  ample  return  in  the  good 
which  he  sees  he  has  done.  Nevertheless,  that  man  ought  to  receive 
a  reward  from  the  State,  as  it  is  the  public  as  a  body  who  are 
benefited,  and  not  a  limited  few.  When  the  pocket  alone  is 
touched,  things  are  to  be  viewed  quite  differently ;  and  he  who  is 
the  means  of  enabling  others  to  become  rich,  has  certainly  the  first 
claim  to  he  tangibly  and  sufficiently  rewarded  for  his  toil  and  anxiety. 
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Mb.  James  Stirling,  having  been  introduced  by  the  President, 
said: — 

I  beg  to  tell  you  at  once,  gentlemen,  frankly,  that  I  disapprove 
entirely  of  all  patent  rights ;  and  I  disapprove  of  them  upon  this 
ground,  that  I  consider  they  are  an  unjust  and  injurious  interfer- 
ence with  the  liberty  of  the  subject.     I  know  that  those  who  think 
with  me  are  often  considered  to  be  somewhat  felonious  in  their 
nature, — ^that  they  are  disposed  to  rob  men  of  that  which  really 
belongs  to  them.    But  I,  for  one,  and  in  name  of  those  who  think  with 
me,  repudiate  this  charge.    We  have  no  desire  to  deprive  any  man  of 
that  which  is  his  own  really  and  justly.    Give  every  man  his  own : — 
9awm  cuique  trtbuito;  but,  gentlemen,  we  protest  against  the  State 
giving  to  any  single  individual  an  exclusive  privilege,  by  which  he 
is  entitled  to  interfere,  as  we  consider  unjustly  and  injuriously,  with 
the  free  exercise  of  our  liberty  of  thought  and  action.     Mr.  Lister, 
as  I  saw  by  the  papers,  put  the  subject  upon  what  I  consider  to  be 
a  right  footing,  when  he  said  that  patents  can  only  be  defended  if 
they  are  proved  to  be  of  general  utility, — of  benefit  not  only  to  the 
patentee,  but  to  the  public.     The  end  which  I  have,  and  which  we 
all  have  in  view,  is  to  give  the  greatest  possible  encouragement  to 
improvement.     Some  think  that  this  can  best  be  done  by  natural 
means;   others  think  this  end  will  be  best  effected  by  artificial 
means  and  appliances.      Now,  my  opinion  is  most  decided,  that 
in  this,  as  in  all  other  cases,  our  best  wisdom  is  to  stick  to  nature, 
to  rely  upon  natural  influences  alone,  because  nature  will  never 
deceive  and  will  never  leave  us,  but  will  do  whatever  she  has 
undertaken  to  do.     The  great  fallacy  which  lies  at  the  root  of 
all  patent  right  is  this,  that  men  suppose  that  all  improvement 
proceeds   from  a  certain  small  number   of  men  who  call  them- 
selves inventors.      This  I  believe  to  be  a  fundamental  and   fettal 
&llacy.     The  spirit  of  improvement  is  not  the  property  of  any  few 
men,  or  any  class  of  men.     It  is  the  universal  possession  of  the 
race;  it  is  an  instinct  of  our  nature  to  improve.     We  cannot  exist 
without  improvement.     It  is  absolutely  necessary  for  every  man  in 
business  that  he  shall  and  must  improve.     If  he  does  not  improve 
there  can  be  no  progress,  there  can  be  no  success, — especially  in  a 
country  where  competition  is  so  great.     Any  man  who  does  not 
improve  must  very  soon  be  left  behind  in  the  race  of  competition. 
I  dare  say  there  may  be  many  amongst  you  here  who  are  engaged 
in  the  practical  exercises  of  production.     I  would  put  it  to  you.  Is 
it  not  the  case  that  the  whole  bent  of  your  energies  is  how  you  shall 
improve  your  business, — ^how  you  shall  improve  ail  tb^  ^!iSst^\^ 
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prooc—ee  in  i^dch  joa  mte  engiged, — how  joa  shall  lenen  the  cost 
of  prodactdon,  and  increase  the  efficacy  of  toot  processes  t  This 
not  only  is  so,  bat  it  must  be  so,  if  Ton  are  to  exist  as  prodncers 
in  this  conntrj.  It  is  not  the  few  hundred  or  few  thousand  im* 
provements,  which  are  patented  in  this  oonntiy,  which  make  np  the 
som  total  of  our  progress;  it  is  the  thousand  and  one  improTements 
which  are  made  day  by  day,  and  hour  by  hour,  in  every  woi^shop 
in  the  country,  by  ordinary  men,  in  the  ordinary  pursuit  of  their 
business.  It  is  these  multitudinous  improvements  which  make  up, 
in  the  aggregate,  the  sum  total  of  the  great  progress  of  our  national 
industry.  And  there  is  this  advantage,  there  is  this  beauty,  in  this 
natural  course  of  improvement,  that  it  leaves  freedom  to  every  man ; 
the  unrestricted  progress  of  one  man  does  not  interfere  with  the 
progress  of  another.  On  the  contrary,  the  improvements  which  are 
made  by  one  assist  the  improvements  of  another.  But  under 
the  patent  law,  it  is  quite  the  reverse.  There,  the  restrictive  privi- 
lege, which  is  granted  to  one,  can  only  be  exercised  by  restricting 
the  natural  liberty  of  every  other  citizen  of  the  country  in  the 
free  exercise  of  his  energies.  You  had  the  other  night  here 
Mr.  Lister,  who  seems  to  me  to  have  argued  his  cause  with  great 
feimess,  and  in  a  most  gentlemanly  manner.  He  made  no  improper 
imputations  upon  other  people's  motives.  He  allowed  that  much 
might  be  said  upon  both  sides.  I  would  wish  to  reciprocate  such 
conduct.  But  he  did  not  by  any  means  convince  me.  Mr.  Lister 
appears  to  be  a  man  of  very  great  talent,  and  of  immense  persever- 
ance,— ^to  be  such  a  man  as  would  certainly  succeed  in  any  business 
without  the  benefit  of  exclusive  privileges.  But  what  has  been  the 
result  of  this  gentleman's  work  during  the  last  twenty  years  t  He 
tells  you  that  in  sixty-four  different  paths  of  improvement  he  has 
taken  out  sixty-four  patents.  Now,  what  does  that  amount  to  as 
regards  the  public?  It  is,  that  Mr.  Lister  has  set  up  sixty-four 
different  obstructions  in  the  path  of  improvement.  It  is  neither 
more  nor  less  than  that.  He  not  only  charges  toll  upon  sixty-four 
different  paths,  but  he  says,  "  Farther  upon  this  path  you  shall  not 
go."  No  man,  whatever  may  be  his  talent,  whatever  his  desire  to 
advance  flEirther  in  these  sixty-four  different  directions, — no  man  in 
Yorkshire  can  advance  a  single  step.  More  than  that,  no  man  dare 
proceed  in  these  directions  for  the  next  fourteen  years.  I  must  say 
it  appoars  to  me  a  most  preposterous  idea,  that  any  man  who  has 
stuck  up  sixty-four  different  obstructions  in  the  path  of  progress, 
in  the  woollen  industry  of  Yorkshire,  should  come  down  here 
and  tell  us  he  has  done  a  vast  deal  to  advance  the  improvement  of 
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the  Yorkshire  woollen  manufacture.  I  can  only  understand  it,  I 
can  only  explain  it  in  this  way  :  when  a  man  for  twenty  years  has 
brooded  over  one  idea,  he  becomes  so  possessed  with  it,  it  takes  such 
a  hold  of  his  mind,  that  it  destroys  the  natural  feusulties  of  his 
understanding;  in  £Etct,  it  becomes  more  or  less  a  species  of 
monomania.  More  than  this,  Mr.  Lister  has  told  you  that  if  you 
do  away  with  patent  rights,  you  will  have  no  inventions  at  all. 
Now,  I  think  that  is  ''  coming  it  rather  too  strong."  I  think,  in  the 
year  1800,  there  were  only  ninety-six  patents  altogether  in  the 
kingdom  of  England.  Surely  Mr.  Lister  will  not  tell  us  that  for 
6,000  years,  that  before  the  year  1800  there  was  no  such  thing 
as  inventions, — ^that  before  the  idea  of  patents  was  conceived  there 
were  not  the  plough,  the  spade,  the  screw,  the  printing  press,  gun- 
powder, &c.  These  were  all  inventions;  yet  none  of  them  were 
owing  to  patents.  You  had  the  whole  civilization  of  the  ancient 
world,  you  had  the  whole  civilization  of  modem  times; — all 
that  had  taken  place  through  that  same  spirit  of  improvement, 
which,  I  say,  is  the  common  property  of  the  race,  without  the 
help  of  the  patent  laws.  Why,  gentlemen,  it  is  a  libel  upon 
Providence  to  say  that  you  will  have  no  improvements  without 
patent  laws.  Surely,  if  our  Almighty  Maker  intends  that  we  shall 
advance  in  civilization,  and  shall  have  improvements,  He  is  able  to 
suggest  means  for  attaining  that  end  without  the  intervention  of 
patent  laws,  or  patent  agents.  There  is  one  consideration  which 
I  think  is  sufficient  to  settle  this  question  of  patent  law,  if 
men  will  look  upon  it  in  a  candid  manner.  It  is  this :  that  where 
the  public  is  looked  upon  as  a  corporate  body,  and  as  a  producer, 
there  patents  are  not  aUowed.  The  greatest  authorities  have  held 
that  the  Queen  is  not  bound  by  patent  laws,  and  the  Queen 
represents  the  public.  Accordingly,  one  of  the  recommendations 
in  the  report  of  the  late  Commission  which  sat  upon  the  patent  laws 
was  this,  that  even  if  patents  should  be  continued,  they  should  not  be 
allowed  to  interfere  with  the  public  service.  Now,  I  think  that  is 
giving  up  the  whole  case  of  patents ;  because,  if  they  are  not  for  the 
benefit  of  the  public  in  a  corporate  capacity,  undoubtedly  they  are  not 
for  the  benefit  of  the  public  in  an  individual  capacity.  So  much  as 
regards  the  public.  But  does  patent  law  even  benefit  the  inventor  f 
I  say  it  does  not.  We  know  very  well  that  a  great  many  of  the 
patents  taken  out  are  not  great  inventions.  I  think  upwards 
of  90  per  cent,  are  allowed  to  be  perfectly  frivolous  and  con- 
temptible. Then  there  are  some  which  are  absolutely  absurd. 
If  I  recollect  right,  every  year  there  are  some  doifttA  \aksn  ^^^ 
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for  Bquaring  the  circle,  and  about  a  dozen  more  for  perpetual 
motion.  I  think,  Mr.  President,  these  are  not  very  meritorious 
inventions.  Indeed,  it  seems  to  me  we  have  still  amongst  you 
some  of  the  descendants  of  the  philosophers  of  Laputa.  We  have 
amongst  us  men  who  would  be  willing  to  take  out  patents  for 
extracting  sunbeams  from  cucumbers.  But  as  to  the  great 
inventors,  I  admit  we  have  men  of  genius  who  apply  themselves  to 
useful  purposes.  We  have  such  men  as  Brunei,  Sir  William 
Armstrong,  Piatt,  and  Scott  Russell.  These  are  men  whom  I 
admire, — ^whom  I  deem  most  undoubtedly  to  be  men  of  great 
merit.  But  these  men  will  have  no  patents;  they  repudiate 
all  patents.  They  say  that  patents  are  absolutely  obstructionBy 
and  a  nuisance  to  them.  They  have  told  you  this  before  the 
Commission.  They  have  not  only  to  meet  the  obstructions 
of  honest  patents,  but  they  have  dishonest  patents  to  meet. 
There  are  men  who  trade  upon  obstruction.  Whenever  a  dis- 
covery is  made  in  science,  these  men  look  about  how  it  can 
be  applied  to  practical  purposes,  and  they  take  out  patents,  and 
they  specify  every  possible  means  they  can  devise  where  these 
may  be  brought  into  use;  not  for  the  purpose  of  using  them 
themselves,  but  to  lie  in  wait  for  the  honest  producer;  and  when 
he  appears,  they  spring  upon  him  and  claim  from  him  black-mail 
for  their  patents.  This  has  been  told  by  these  gentlemen 
themselves.  It  is  not  my  story,  but  theirs.  The  isuct  is,  these 
men  dig  pitfalls  and  set  traps,  in  order  to  catch  the  unwary. 
Mr.  Piatt  was  sometimes  obliged  to  patent  his  inventions, 
because  these  men  would  steal  them,  would  patent  them,  and 
then  come  and  offer  to  sell  him  his  own  inventions.  That  was  a 
statement  oifact  given  to  the  Commission,  which  I  believe  to  be 
perfectly  true.  Now,  it  has  come  to  this,  that  when  a  man  of 
genius  really  sets  himself  to  make  improvements  for  the  benefit  of 
the  country,  his  great  difficulty  is  not  how  he  shall  best  control 
the  laws  of  nature,  but  how  he  shall  best  baffle  the  law  of  patents. 
After  these  men  of  genius  have  taken  out  their  patents,  what  is 
their  reward?  Then  begins  their  battle  for  existence.  They  are 
forced  into  perpetual  litigation  of  the  most  intricate  and  most 
expensive  kind,  without  which  it  is  impossible  they  can  main- 
tain their  patents.  I  think,  then,  that  neither  with  regard  to 
the  public,  nor  with  regard  to  the  patentee,  can  patents  be  said 
to  be  of  any  use.  But  you  have  been  told  by  Mr.  Lister 
and  others,  that  unless  you  preserve  your  patent  laws,  it  will  be 
impossible  to  compete  with  foreign  countries  who  have  the  good 
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sense  to  retain  their  patents.  I  am  surprised  that  a  man  should 
oome  200  miles  to  make  such  a  statement  as  that.  It  is  precisely 
the  reverse.  If  we  do  not  do  away  with  those  clogs  which  are  now 
preventing  our  advance  in  the  industrial  arts,  it  will  be  impossible 
for  us  to  compete  with  foreign  countries  which  have  thrown,  or  are 
about  to  throw,  away  those  laws.  Take  Prussia,  for  instance,  which 
in  our  day  we  may  call  Germany.  In  Prussia  there  are  but 
few  patents  altogether.  In  that  little  book  of  Mr.  Macfie's,  on  the 
subject  of  the  abolition  of  patents,  which  I  hope  you  have  all 
read,  or  will  read  attentively  hereafter,  you  will  find  a  paper  with 
the  signature  of  Count  Bismarck,  most  remarkable  as  coming 
from  such  a  man,  in  which  the  subject  of  the  patent  laws  is 
most  ably  handled,  and  in  which  the  abolition  of  them  is  most 
decidedly  recommended.  I  consider,  therefore,  looking  to  the  signa- 
ture attached  to  that  paper,  that  you  may  take  it  for  granted  that 
in  all  Prussia,  and  in  all  Germany,  very  soon  there  will  be  no  such 
thing  as  a  patent.  Then,  if  you  take  the  kingdom  of  Holland, 
within  a  fortnight  of  to-day  there  will  be  no  patents.  On  the  Ist 
January,  1870,  the  patent  laws  cease  in  the  kingdom  of  HoUand. 
Then,  if  I  were  to  ask.  What  is  the  most  industrious,  and  most  suc- 
cessful, and  most  prosperous  of  the  Continental  States  of  Europe?  no 
doubt  you  would  answer,  Switzerland.  Well,  Swit2serland  has  no 
patent  law.  Then,  as  to  France,  it  is  true  that  the  Government  of 
France  has  as  yet  made  no  proposal  for  the  abolition  of  patents;  but 
in  France  there  is  a  power  which  is  above  the  Government.  It  is 
the  power  of  the  savans,  the  power  of  the  men  of  thought.  Now, 
they  have  declared  against  patents.  I  will  mention  only  one 
name;  but  that  name  is  a  host.  It  is  the  name  of  M.  Chevalier, 
who  has  declared  himself  publicly  as  strongly  against  the  principle 
of  patents,  upon  this  ground,  that  he  considers  it  interferes  with  the 
liberty  of  industry.  When  such  a  man  as  M.  Chevalier,  in  the 
heart  of  Paris,  declares  himself  against  the  system,  you  may  depend 
upon  it  that  the  beginning  of  the  end  is  at  hand.  True,  there 
is  one  country  where  patents  do  flourish.  It  is  the  United  States 
of  America.  I  think,  however,  you  will  agree  with  me  that  America 
is  not  the  country  from  which  Englishmen  will  be  pleased  to  take 
lessons  in  political  economy.  A  country  that  is  yet  wallowing 
in  the  mire  of  protectionism  is  not  one  to  teach  political  economy. 
It  is  not  a  light  to  guide  us  on  to  progress,  but  rather  a  beacon  to 
warn  us  off  the  rocks  and  quicksands  which  we  should  avoid.  I 
cannot  sit  down  without  making  one  appeal  to  you  to  consider  what 
is  the  principle  that  has  been  our  guide  in  all  the  \>^t  \&^gis^».\Ivycv  ^^ 
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modem  times.  That  principle  is  to  abolish  all  artificial  helps ;  to 
trust  to  natural  influences  only.  That,  gentlemen,  was  the  great 
principle  of  our  free  trade  legislation — the  best  and  most  benefi- 
cent legislation  of  modem  times.  I  say,  apply  that  principle  to 
improvement.  Abolish  all  artificial  helps  and  props,  and  trust  to 
natural  influences  alone.  I  know  that  that  is  not  the  popular 
opinion ;  but  I  have  lived  long  enough  to  have  seen  various  reforms 
carried,  which  at  one  time  I  despaired  of.  I  am  not  without  the 
hope  of  living  to  see  the  tide  turn,  and  sweep  away  the  unjust  and 
injurious  restrictions  of  the  patent  law. 

Mb.  Schuman. — It  has  been  argued  that  patent  laws  are  in- 
jurious, and  ought  to  be  abolished  because  they  create  monopolies 
opposed  to  the  principles  of  free  trade.  But  this  is  an  abuse  of 
the  word  ''  monopoly,"  because  the  privilege  extends  only  to  the 
creation  or  combination  of  the  individual  patent,  whose  value  is 
measured  by  the  standard  of  the  advantages  it  oflers,  and  the 
dealings  in  it  are  fully  subject  to  the  free  trade  principles  of 
supply  and  demand,  for  every  patent  is  a  special  marketable  article. 
Moreover,  time,  money,  and  ingenuity  are  invested  before  a  patent 
can  be  created;  and  if  property  rights  in  such  investments  are  not 
legal,  this  special  and  most  useful  branch  of  industry  must  perish, 
and  the  legal  rights  to  all  properties  might  be  questioned  ! 

Some  abolitionists  here  reply  that  the  present  advanced  state  of 
industry  and  the  laws  of  nature,  acting  through  the  inventive  faculty 
innate  in  man,  will  create  the  advancement  of  the  arts  and  indus- 
tries, whilst  the  disadvantages  to  certain  manufisusturers  (especially 
those  who  would  like  to  have  for  nothing  the  results  of  the  genius 
of  others)  of  a  patentee  having  the  sole  possession  of  a  valuable  inven- 
tion for  a  time,  will  no  longer  exist;  but  I  would  here  remark  that 
though  the  laws  of  nature  operate  to  provide  crops  and  food,  yet  no 
agriculturist  would  till  the  ground,  sow  the  seed,  and  battle  with  all 
emergencies  till  ripening,  if  at  harvesting  the  produce  were  made 
public  property.  Humanity  may  aspire  to  such  a  state  of  dis- 
interestedness, for  the  history  of  all  ages  has  furnished  examples 
of  noble  lives  entirely  devoted  to  further  the  well-being  and  the 
happiness  of  the  whole  human  race;  and  doubtless  the  spread  and 
advance  of  civilization,  in  the  highest  sense,  is  to  realize  such  a 
general  state  of  society.  At  the  present  time,  however,  we  are  but 
feebly  endeavouring  to  call  into  life  the  best  energies  of  man;  and  in 
this  birth-struggle  and  awakening  to  encourage  him  to  go  forward, 
to  remove  the  barriers  with  which  ignorance  and  prejudice  have 
surrounded  him,  by  the  path  of  justice  to  all.     Gradually  he  may 
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pass  into  that  higher  state  already  foreshadowed  by  the  noblest  of 
his  race;  whilst  in  the  practical  present,  other  interests  than  the  toils 
of  the  ingenious,  more  able  because  with  more  to  spare,  should  lead 
the  van  to  this  most  desirable  goal.  The  argument^  ''That  by  con- 
ventional rewards  we  give  a  fetctitious  impulse  to  the  inventive 
&culty,  and  destroy  the  equilibrium  of  our  capacities,"  need  not  alarm 
us,  for,  as  hitherto,  the  laws  of  nature  and  of  self-preservation  will 
rectify  such  leanings;  ju^t  as  the  laws  of  free  trade  will  cure 
the  other  evil  pointed  out  (by  Mr.  Stirling)  of  solid  workmanship 
sacrificed  to  flimsy  ingenuity. 

Mr.  Macfie  proposed  that  State  rewards  in  money  and  medals 
be  given  for  meritorious  inventions  by  an  inventors'  tribunal  and 
special  jury;  and  that  Parliament  should  vote  annually  a  certain 
sum  for  that  purpose. 

Such  a  scheme  is  not  just;  as  it  would  place  the  tribunal  in  the 
position  of  a  buyer  who  first  takes  possession  of  the  article  and 
afterwards  fixes  the  price,  leaving  the  seller  (inventor)  without  legal 
redress;  for,  whether  they  would  pay  him  anything  or  nothing  at 
all,  they  take  possession  of  the  invention.  Besides,  this  scheme 
would  encourage  such  a  host  of  applicants  that  it  would  be  impossible 
to  do  justice  to  all ;  and  it  might  also  create  unlimited  jobbery,  without 
supplying  any  practical  guide  for  those  interested  as  to  the  results 
of  the  application. 

Abolitionists  refer  to  Count  Bismarck's  arguments  for  the  extinction 
of  patent  laws.  But  in  truth  Prussia,  geographically  surrounded 
by  several  German  principalities,  to  whom  the  fostering  of  patent 
laws  can  be  of  no  value,  only  wishes  to  remove  all  barriers^  so  as  to 
facilitate  their  ultimate  absorption  within  herselfl 

Though  existing  patent  laws  have  given  rise  to  numerous  oases 
of  litigation,  this  does  not  prove  that  the  economic  principles  of 
the  patent  laws  are  wrong,  but  that  the  law-makers  have  not  yet 
devoted  that  amount  of  time  and  attention  to  the  subject  which  is 
necessary  to  obtain  a  sufficient  grasp  of  it,  and  to  enable  them  to 
devise  laws  with  a  due  regard  to  the  public  importance  of  the  subject, 
and  to  strict  justice  towards  the  patentee.  On  these  grounds 
I  support  the  motion,  praying  for  the  appointment  of  a  Koyal  Com- 
mission to  investigate  the  present  state  of  the  patent  laws. 

Mr.  James  Andkbson  classed  the  patent  laws  with  all  mono- 
polies and  every  sort  of  protection,  as  alike  adverse  to  the  interests 
of  humanity  and  civilization.  The  universal  question  of  the  pro- 
patent  party  is,  How  are  inventors  to  be  remunerated  for  their 
merit  if  the  patent  law  is  done  away  withi    Well,  w\uA  «s^  ^^ 
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merits  of  inventors?  On  examination  you  will  find  the  merits  of 
inventors  and  the  public  very  much  confounded,  the  inventor 
getting  credit  for  a  great  deal  more  than  belongs  to  him.  To 
illustrate  this  most  important  point,  let  us  suppose  that  Alexander 
Selkirk,  the  original  of  Robinson  Crusoe,  remembered  how  to  make 
yam  by  twisting  fibre  with  a  stick  and  then  winding  it  up.  But 
never  having  learned  the  stocking  loop,  he  could  not  make  a  pair  of 
stockings.  But  knowing  that  the  thing  could  be  done,  he  applied 
himself  to  the  rediscovery  of  the  loop,  and  by  perseverance  suc- 
ceeded, and  made  a  pair  of  stockings  for  himself.  Selkirk's  merit 
was  not  doubled  by  the  landing  of  another  man  on  the  island.  The 
&ct  that  another  pair  of  stockings  was  required,  did  not  make  the 
discovery  of  the  loop  more  difficult,  or  in  any  way  increase  the 
labour  of  the  discovery.  The  merit  of  the  additional  demand  for 
stockings  belonged  entirely  to  the  arrivals,  the  demand  increasing 
with  the  increase  of  population;  consequently  the  merit  of  the 
demand  belongs  to  the  public.  The  patent  law  goes  on  the  principle 
that  the  inventor  is  in  proportion  to  the  population — that  it  is 
thirty  million  times  more  difficult  to  rediscover  the  stocking  loop  in 
Great  Britain  than  in  Selkirk's  island.  Keeping  this  principle  in 
view,  let  us  look  at  the  fJEuned  Bessemer's  patent  process  for  refining 
iron.  Suppose  that  Bessemer  discovered  that  the  new  metal  zir- 
conium was  refined  by  blowing  air  through  it  when  in  a  melted 
state.  The  merit  is  exactly  the  same  as  the  discovery  that  iron  is 
refined  by  the  same  means.  If  Bessemer's  idea  was  applicable  to 
zirconium  only,  you  would  have  heard  very  little  of  his  merit,  on 
accoiint  of  the  small  quantity  of  zirconium  used  by  the  public. 
But  being  applicable  to  iron  he  became  fsunous,  and  the  patent  laws 
make  him  a  millionaire.  Yet  Bessemer  has  no  more  merit  from 
the  enormous  consumption  of  iron  than  any  other  of  Her  Majesty's 
subjects.  The  miUions  of  tons  of  iron  now  used,  is  the  result  of  the 
labour  and  toil  of  hundreds  of  thousands  of  human  beings  extended 
over  thousands  of  years,  and  with  this  Mr.  Bessemer  has  had  little 
to  do.  Yet  the  patent  laws  have  given  him  jurisdiction  over  all 
the  iron-making  in  Great  Britain,  over  all  the  labour  of  present  and 
past  generations. 

There  is  just  one  argument  of  any  weight  that  can  be  brought 
forward  in  favour  of  the  patent  law;  that  is,  the  tendency  that 
manufacturers  will  have  to  keep  their  processes  and  inventions 
secret  should  it  be  abolished.  If  it  can  be  shewn  that  important 
secrets  cannot  be  kept  from  the  public,  then  it  seems  to  me  that 
the  question  is  settled.     The  object  of  the  passing  of  the  patent 
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l&ws  was  not  to  encourage  invention,  but  to  induce  inventors  to 
make  their  processes  known,  hence  the  word  **  patent,"  open.  It 
is  only  in  very  modem  times  protection  to  inventors  was  thought 
of,  and,  I  suppose,  because  the  secret  argument  had  been  found  to 
&il,  it  being  notorious  that  if  a  man  thinks  he  can  keep  his  secret 
for  fourteen  years  he  will  not  patent  it. 

In  regard  to  chemical  secrets,  the  relation  of  the  public  is  now 
completely  altered  from  what  it  was  at  the  time  of  the  first  passing 
of  the  patent  law.  It  would  be  next  to  impossible  to  keep  a 
chemical  secret  for  any  lengthened  period  in  modem  times,  and 
experience  shews  that  all  mechanical  secrets  ooze  out  in  time  in 
spite  of  every  precaution. 

There  is  another  phase  of  the  patent  laws  which  seems  to  me 
most  iniquitous.  They  are  framed  on  the  basis  of  assisting  and 
protecting  the  strong,  and  crushing  the  weak.  The  man  who  is 
strong  and  powerfrd  in  invention  is  taken  by  the  patent  laws  and 
treated  as  if  he  were  a  toddling  child,  needing  the  most  tender 
care  and  the  greatest  protection. 

Mr.  Lister  came  here  last  Wednesday  to  advocate  the  cause 
of  those  laws  which  have  so  much  petted  him,  and  which  he  stands 
so  little  in  need  of.  This  giant  of  British  inventors  can  throw  off 
idea  after  idea,  invention  after  invention,  machine  after  machine, 
with  the  rapidity  of  a  printing  press.  With  absolute  freedom  of 
invention,  hard  is  the  fate  of  those  who  have  to  compete  in  business 
with  this  terrible  concentration  of  inventive  energy.  But  woe 
betide  them,  with  the  remnants  of  a  slave  law  tying  up  their 
freedom  of  thought  and  their  freedom  of  action,  and  giving  him  a 
fourteen  years'  monopoly ! 

Mr.  W.  R.  W.  Smith. — It  struck  me,  from  the  extensive 
operations  which  Mr.  Lister  had  carried  on  for  a  great  many  years, 
that  it  would  be  interesting  to  have  from  him  a  statement  of  his 
views  on  the  subject  under  discussion.  I  therefore  wrote  him,  and 
had  the  pleasure  of  bringing  him  before  you,  and  now  I  feel  almost 
necessitated  to  speak  in  consequence  of  the  onslaughts  which  have 
been  made  upon  him  this  evening  by  Mr.  Lawrie.  I  cannot  by 
any  possibility  take  up  your  time  by  following  Mr.  Lawrie 
through  the  farm-yard,  the  doctor's  shop,  and  elsewhere;  all  I  will 
say  is,  that  Mr.  Lawrie  never  knew  anything  of  wool-combing,  or 
he  would  never  have  spoken  so  slightingly  as  he  has  done  of  Mr. 
Lister's  invention.  I  have  known  Mr.  Lister's  name  for  thirty 
years;  for  twenty  years  I  did  not  know  him  personally,  but  I  have 
done  so  for  the  last  six  or  eight  years^  and  his  reputation,  in  Bt^- 
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ford  is  perhaps  the  best  answer  that  can  be  given  to  all  that  Mr. 
Lawrie  and  others  have  said  in  his  depreciation.  As  an  old  man 
in  the  town  once  remarked,  ''  Why,  Sammy  Lister  has  made  more 
gentlemen  in  Bradford  than  any  man  in  the  country."  Mr. 
Lister  told  us,  Government  paid  JBI 0,000  to  Arkwright  for  his 
wool-combing  machine,  although  it  never  combed  one  pound.  That 
machine  ruined  one  inventor  after  another,  and  caused  so  heavy  a 
strain  on  Mr.  Lister's  partner,  Mr.  Donisthorpe,  as  ultimately  to 
impair  his  mind.  The  machine  was  fifty  years  in  coming  to  its 
present  perfection.  It  is  said  that  Mr.  Lister  has  taken  out  sixty- 
four  obstructions,  but  it  so  happens  that  Mr.  Lister  has  patented 
upon  patents;  and  this  machine  has  not  only  changed  the  whole 
aspect  of  the  trade,  but  has  brought  wool  into  use  from  aU  parts  of 
the  world  that  could  hardly  otherwise  be  used.  It  has  cheapened 
the  process,  brought  the  trade  into  a  condition  totally  different  from 
what  it  ever  was  in  during  the  last  thirty  years,  and  now  gives 
employment  to  millions  of  people  in  this  country  and  the  Continent. 

I  will  present  to  you,  in  very  few  words,  another  resolution  on 
this  subject,  and  simply  because  I  think  the  position  I  am  about  to 
bring  before  you  has  not  been  touched  on  by  any  previous  speaker. 
It  is  one,  I  think,  which  will  at  once  shew  you  that  at  the  present 
moment  we  are  necessitated  to  take  some  action;  and  the  question 
is.  What  is  that  action  to  be?  Mr.  Macfie  brings  forward  an 
argument  of  no  small  magnitude,  and  one  that  will  force  on  a 
change  very  soon,  whether  we  will  or  no,  if  from  nothing  else 
than  the  action  of  the  patentees  themselves.  Mr.  Macfie's  argu- 
ment is:  If  you  continue  to  burden  your  manufeicturers  with  a 
patent  law,  and  other  countries  refuse  to  have  such  a  law,  how  can 
your  manufacturers  compete  if  you  admit  the  manufeictures  of 
these  countries?  Now,  I  have  said  that  we  must  have  a  change 
very  soon,  whether  we  will  or  no,  if  from  nothing  else  than  the 
action  of  the  patentees  themselves  in  defending  their  position;  and 
this  change  is  much  nearer  than  we  think.  Mr.  Smith  here  read 
th»  following  paragraph  from  the  Economist  of  December  18: — 

''  Yice-Chancellor  James's  decision  in  Emslie  v,  Boursier,  a  patent 
case,  is  a  reminder  of  the  immense  practical  difficulties  in  the  way 
of  a  good  patent  law.  The  plaintiff,  who  had  an  EngUsh  patent 
for  manufacturing  sheet  tin,  complained  of  the  infringement  of  it 
by  the  import  of  similar  articles  made  by  the  defendant  in  France, 
who  was  there  a  patentee  of  the  same  process,  and  the  Yioe- 
Chancellor  granted  an  injunction,  holding  that  the  sale  of  the  goods 
in  England  was  an  infraction  of  the  patent  as  much  as  the  erection 
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of  a  manufactory  in  England.  This  is  surely  a  very  strong  case. 
Patentees  are  not  only  to  have  the  privilege  of  stopping  other 
manufacturers  within  their  limits,  but  the  law  will  interfere  with 
general  business, — ^with  the  sale  of  goods  which  have  been  legiti- 
mately manufactured  in  the  ordinary  course  of  trade.  There  is 
little  apparent  offence  to  equity  in  the  present  decision,  as  the 
original  sale  of  the  patent  right  to  the  defendant  specially  excluded 
England ;  but  what  if  innocent  third  parties  had  been  the  importers 
of  the  goods?  Is  the  English  creditor  of  a  French  debtor  not  to 
be  allowed  to  receive  payment  in  sheet  tin,  or  any  other  patented 
article? — for  that  is  what  the  decision,  if  universally  applied,  will 
amount  to.  The  confusion  and  litigation  that  would  be  the  con- 
sequence are  indescribable,  though  they  seem  inevitable  from  the 
patent  law  which  the  Vice-Chancellor  may  be  trusted  to  have 
interpreted  with  accuracy.  With  increasing  international  trade, 
and  facilities  of  communication,  it  will  be  practically  impossible  to 
enforce  separate  patents  for  particular  countries.  The  manufacture 
cannot  be  stopped,  unless  a  patentee  has  all  the  patents,  and  there 
are  few  articles  which  cannot  be  successfully  distributed  if  once 
lawfully  made." 

Mb.  Smith  continued : — Now,  I  neither  advocate  from  this  the 
abolition  of  patents,  nor  do  I  see  in  it  anything  else  than  a  help 
to  a  solution  of  the  question,  inasmuch  as  so  perfectly  unerring 
is  the  principle  of  free  trade,  that  if  we  apply  it  to  the  position  of 
the  patentee  as  to  other  traders,  it  brings  us  out  of  the  difficulty. 
We  are  all  agreed,  even  the  abolitionists,  that  we  must  reward  our 
inventors. 

The  question  is.  How  our  inventors  are  to  be  rewarded.  Mr. 
Macfie  says,  "  By  a  system  of  rewards ; "  but  from  his  point  of  view 
we  may  dismiss  this  as  impracticable.  Suppose,  however,  that  we 
continue  a  law  somewhat  as  at  present,  only  admitting  freely  the 
manufactures  of  other  countries  under  this  patent,  and  without 
having  paid  the  patent  license,  it  at  once  becomes  apparent  that 
either  our  manufacturers  must  cease  working,  or  obtain  some  relief 
against  the  patentee's  license.  Now,  our  present  patent  law  is 
based  on  compromise.  The  inventor  says,  "I  have  a  secret,  the 
result  of  much  brain  work,  that  will  cheapen  and  improve  the 
mode  of  working  in  a  certain  trade ; "  and  the  abolitionists  may  say 
what  they  like,  but  that  has  been  virtually  the  effect  of  all  patents, 
even  during  the  existence  of  the  patent.  Their  argument  here  is 
knocked  out  of  place  by  stem  facts ;  and  the  country  replies,  "Well, 
tell  us  this  secret,  and  you  can  charge  for  the  use  of  it  fox  ^o>3cc^*^w 
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years,  on  payment  of  certain  fees."  Seeing,  then,  this  compromise 
has  been  our  rule,  it  is  no  injustice  if  the  altered  trading  condition 
of  the  country  bring  us  to  the  necessity  of  a  new  compromise,  and 
force  the  inventor  into  the  general  rank  of  competition  as  under  free 
trade.  Suppose,  then,  that  an  inventor  has  obtained  a  patent  for 
some  process  or  machine,  and  very  shortly  a  product  from  this  pro- 
cess or  machine  comes  to  this  country  and  competes,  to  the  loss  of 
our  manufeusturers  paying  patent  right.  We  could  then,  in  a  simple 
manner,  bring  Mr.  Macfie*s  system  of  rewards  into  play  through  a 
jury  or  court  of  experts,  who  might  have  facts  to  go  upon  in  forming 
their  decision,  with  which  facts  the  inventor  would  only  be  allowed 
to  deal ;  and  all  fear  would  disappear  of  that  jobbery  and  partiality, 
or  complaint  of  injustice  by  the  inventor,  so  ably  noticed  by  Lord 
Stanley  as  a  valid  argument  against  Mr.  Macfie*s  system,  and  which 
would  retain  in  our  midst  a  system  of  encouragement  to  the  inven- 
tive talent  of  the  country,  while  they,  the  inventors,  are  only  put  on 
the  same  footing  as  all  other  traders  in  our  trading  system, — and  they 
are  as  much  traders  as  any  of  us.  I  am  disposed,  however,  for 
some  law  of  encouragement,  inasmuch  as  we  have  exceptional  con- 
ditions in  our  extensive  manufacturing  operations,  and,  above  all, 
in  our  field  of  materials,  requiring  a  continued  exertion  of  this 
talent  to  their  full  development.  Doubtless  the  arrangement  of 
such  a  law  is  surrounded  with  difficulties;  but  it  is  clear  that, 
referring  to  the  decision  that  I  have  read,  we  will  be  forced  into  some 
compromise  further  with  the  inventor,  or  into  the  abolition  of  patent 
right  altogether.  It  is  from  this  point  of  view,  therefore,  that  I 
take  exception  to  your  resolution,  Mr.  President,  and  think  that 
we  should  endeavour  to  pass  a  resolution,  in  which  we  should  be 
unanimous ;  and  I  am  the  more  impressed  with  this  view  of  the  case, 
as,  in  pledging  ourselves  not  to  approve  of  abolition,  we  may  be 
wrong, — we  may  yet  come  to  see  that  the  principle  of  the  patent  law 
is  wrong.  At  present,  so  much  can  be  said  on  both  sides  that  we 
are  left  in  an  unsatisfactory  condition ;  and,  looking  to  the  current 
of  thought  in  the  present  day  to  set  everything  free,  it  may  be  wiser 
that  we  attempt  a  compromise,  than  take  up  a  position  to  make  that 
compromise  difficult.  Mr.  Smith  submitted  the  following  motion : — 
''That  in  the  opinion  of  this  Society,  from  the  progress  of  the  arts 
and  manuflEictures  in  the  country,  and  the  alteration  in  our  trading 
relations  with  other  countries,  the  time  has  arrived  for  the  recon- 
sideration of  the  patent  laws."  To  this,  however,  he  would  append 
Mr.  Hunt's  third  resolution,  viz.: — "Any  Parliamentary  inquiry, 
instituted  with  a  view  to  improved  legislation,  should  be  conducted 
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so  as  to  collect  the  fiillest  possible  information  from  the  various 
important  manufactnring  centres  of  the  kingdom,  and  from  all 
classes  in  any  way  concerned  in  inventions  or  patents." 

Mr.  Mater  seconded  this  amendment. 

Mr.  W.  M.  Neilson. — A  few  facts  are  of  much  greater  value  to 
us  than  many  opinions.  I  attach  great  weight  to  Mr.  Stirling's 
opinions,  knowing  his  opinions  on  other  matters;  but  I  must  give 
it  as  my  humble  opinion,  that  the  statement  of  Mr.  Stirling  as  to 
patents  having  been  found  to  be,  and  that  they  are  now,  obstructions 
and  impediments  to  progress  in  the  arts,  is  not  the  fact,  but  contrary 
to  the  fskct.  My  thorough  conviction  is,  that  inventions,  and  inven- 
tors, and  patents  for  inventions — I  put  them  all  together  as  they  are- 
are  pioneers  instead  of  obstructions,  and  open  up  the  way  and  lead  us 
on  to  further  improvements  and  inventions.  Of  course  we  have  all 
differences  in  our  opinions;  but  I  would  like  if,  instead  of  giving 
loose  opinions,  parties  had  brought  forward  feicts  to  the  Society, 
leaving  members  to  form  their  opinions  from  them.  The  time  is 
short,  but  I  will  be  very  glad  to  take  Mr.  Stirling  up  upon  this 
point,  and  allow  him  to  choose  ten  patents  as  great  obstructions  to 
the  arts,  and  I  will  bring  other  ten,  and  prove  that  they  have  been 
the  greatest  pioneers  in  progress  by  which  this  country  has  ever 
benefited.  Another  point:  Mr.  Stirling  takes  us  back  to  1800, 
when  there  were  very  few  patents.  I  am  sorry  Mr.  Stirling  thought 
that  a  satisfactory  time.  No  doubt  there  were  good  things  then. 
There  was  the  wooden  plough,  which  certainly  scraped  the  ground  a 
little  bit,  and  took  a  few  more  horses,  and  perhaps  farmers  had  only 
about  half  the  amount  of  grain  from  the  land;  but  we  cannot  have 
these  times  to  live  in:  we  must  have  our  iron  plough  and  our 
patent  plough,  with  half  the  power  to  work  it,  and  ploughing  the 
land  in  a  proper  way.  In  these  good  old  times  they  certainly  had 
ships,  with  a  good  big  stone  at  the  end  of  a  rope  for  an  anchor;  but 
we  must  have  patent  anchors  to  hold  ships,  and  large  ships  too. 
No  doubt  we  had  a  few  patents  some  seventy  years  ago;  but  look  at 
the  progress  this  country  has  made  since  1800 !  and  I  ask  him  if 
the  whole  history  of  this  country,  or  of  the  world,  has  ever  shewn 
such  enormous  strides  in  progress  as  this  country  has  manifested 
since  1800?  I  should  like,  with  Mr.  Stirling  or  other  gentlemen,  to 
table  a  few  feLcts  in  reference  to  this  point.  Don't  let  us  argue  or 
discuss  upon  the  present  state  of  the  country.  Find  out  the  cause 
of  the  progress  of  the  country;  and  if  inventions  and  inventors,  as  I 
humbly  submit,  have  been  the  means  of  bringing  forward  those 
magnificent  improvements  which   have  so   enormously  benefited 
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this  oounhy,  I  ask  whether  it  is  our  duty  to  encourage  or  dis- 
courage these  inventors  and  inventions? 

Mb.  Day  having  briefly  spoken  in  reply, — 

The  President  observed  that  there  had  been  three  separate 
motions  made  (the  one  by  Mr.  Hunt  containing  a  series  of  three 
resolutions),  but  as  they  wanted  to  find  out  what  the  Society  wished 
to  express  in  reference  to  this  subject,  it  did  not  signify  as  to  what 
was  any  man's  particular  resolution.  He  wished  to  submit  a 
modified  motion,  which  did  not  commit  the  Society  to  the  expres- 
sion of  an  opinion  that  patents  should  be  maintained.  His  own 
first  resolution  committed  the  Society  against  abolition,  while  that 
of  Mr.  Smith  did  not.  The  modified  motion  was  as  follows: — 
**  That,  in  the  opinion  of  this  Society,  the  progress  of  the  arts  and 
manufactures  in  this  country,  and  the  alteration  in  its  trading 
relations  with  other  countries,  render  necessary  a  reconsideration 
of  the  patent  laws,  and  they  would  hail  with  satisfaction  the 
appointment  of  a  Koyal  Commission  to  collect  information  at  the 
great  centres  of  manufia^turing  industry,  and  from  all  classes  of 
persons  in  any  way  connected  with  inventions  or  patents."  The 
advantage  of  a  Commission  was,  that  they  would  come  down  here 
and  take  an  examination  in  Glasgow.  A  Parliamentary  Committee 
would  not  do  that.     Perhaps  this  motion  would  please  the  Society. 

Dr.  F.  H.  Thomson  seconded  the  motion  as  modified. 

The  President  then  moved,  seconded  by  Dr.  Thomson,  "  That 
for  the  purpose  of  watching  the  progress  of  legislation,  and,  if 
necessary,  preparing  a  memorial  or  petition  in  conformity  with  the 
Society's  resolution,  the  following  gentlemen  be  appointed  a  com- 
mittee, with  power  to  add  to  their  number : — The  President  (Dr. 
Bryce),  Dr.  F.  H.  Thomson,  Sir  William  Thomson,  Dr.  William  J. 
Macquom  Eankine,  Walter  M.  Neilson,  J.  G.  Lawrie,  John  M. 
Rowan,  Edward  C.  C.  Stanford,  W.  R.  Hutton,  James  Robertson, 
James  Anderson,  W.  R.  W.  Smith,  and  John  Mayer — Mr.  W.  M. 
Neilson,  Convener." 

Mr.  Hunt  wished  that  the  first  of  the  resolutions  he  had  pro- 
posed should  be  put  to  the  meeting,  as  some  might  wish  to  adopt  it, 
viz. : — "  In  the  opinion  of  this  Society,  the  time  has  not  arrived 
when  the  progress  of  the  arts  and  manufactures  in  this  country 
would  be  promoted  by  the  abolition  of  patents  for  inventions." 

The  vote  was  then  taken  by  a  shew  of  hands,  when  Mr.  Hunt's 
resolution  was  lost,  and  the  two  motions  last  proposed  by  the  Pre- 
sident were  adopted. 

This  terminated  the  proceedings. 
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II. — On  Hie  Principles  ejecting  the  Sohmvcy  of  a  Life  Aami/rance  Com- 
pomy^  amd  the  Beat  Means  of  Protecting  the  PvMic  agcdnst  their 
Violation,  By  Me.  James  R.  Macfadyen,  Fellow  of  the 
Faculty  of  Actuaries  in  Scotland. 


Read  before  the  Society,  January  26,  1870. 


Life  Assurance  seems  to  us  one  of  the  most  fitting  subjects  that 
can  be  brought  before  such  a  Society  as  this.  Based  as  it  is  on 
the  widest  mathematical  laws,  and  yet  in  its  application  requiring 
not  merely  the  scholastic  acquirements  of  the  mathematician,  but 
a  double  portion  of  that  tact  and  energy  which  are  generally 
supposed  to  be  the  characteristic  of  the  business  man, — opening 
on  the  one  side  into  the  profoundest  of  scientific  problems,  and  on 
the  other,  into  questions  of  finance,  investments,  and  the  thousand 
details  of  ordinary  mercantile  liffe, — ^it  is  peculiarly  worthy  of  the 
attention  of  a  Society  in  which  science  and  commerce  go  hand  in 
hand,  each  lending  support  to  the  other. 

The  shock  to  public  confidence  caused  by  the  fall  of  the  "  Albert 
Company,"  the  ordeal  through  which  the  "European"  has  just  passed, 
and  the  certainty  that  before  long  we  shall  have  legislation  on  the 
subject,  still  further  shew  the  fitness  of  such  a  question  being  now 
discussed ;  and  more  especially  of  that  portion  of  it  which  we  shall 
take  up  to-night — viz.,  the  principles  underlying  the  solvency  of  a 
Life  Office,  and  the  best  means  of  protecting  the  public  against  their 
violation.  Life  Assurance  considered  as  an  investment,  the  various 
systems  of  dividing  profit,  the  amount  of  bonus  received  as  compared 
with  the  price  paid  for  it,  the  comparative  advantages  of  participat- 
ing and  non-participating  rates  of  premium  and  the  like,  are  each 
matters  of  importance  to  the  provident  community;  but  the  question 
of  solvency,  like  Aaron's  rod,  swallows  them  all.  It  is  the  founda- 
tion— everything  else  is  mere  superstructure.  We  shall  then  devote 
ourselves  solely  to  that  question  this  evening;  and  the  method  we 
propose  to  follow  in  doing  so  is,  in  the  first  place,  to  shew  what 
conditions  are  necessary  to  the  solvency  of  a  Life  Company;  and 
after  having  in  this  way  arrived  at  distinguishing  between  essentials 
and  non-essentials,  and  knowing  precisely  the  vulnerable  points, 
we  shall  be  in  a  position  to  discuss  as  to  what  ioroi  o1  \^^glS^1^^svQ'Cl 
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will  best  protect  the  public  against  the  violation  of  these  funda- 
mental piinciples. 

A  Life  Office  is  able  to  meet  its  engagements  so  long  as  it  has 
realizable  assets  to  the  extent  that  will  be  needed  to  meet  its  claims 
as  they  fall  due.  The  sum  thus  required  represents  its  indebted- 
ness to  the  assurers,  and  is  the  aggregate  of  the  liability  under 
every  individual  conti'act.  The  stake,  then,  that  any  member  has 
in  the  Company,  is  the  indebtedness  under,  or,  as  it  is  more 
commonly  called,  the  "value"  of  his  policy;  and  the  question  of 
solvency  is  simply,  Has  the  Office  in  hand  such  a  sum  as  will  pay 
every  assurer  in  it  the  present  value  of  his  policy?  If  it  has  this 
amount,  even  should  it  wish  to  discontinue  business,  any  other 
Company  would  gladly  take  over  its  assets  and  discharge  its 
obligations,  and  that,  too,  without  rejecting  those  members  whose 
lives  were  now  uninsurable.  If  it  has  not  this  sum,  it  is  bankrupt, 
even  although  it  is  quite  able  to  discharge  all  the  present  death- 
claims  upon  it. 

The  whole  matter,  then,  turns  on  the  amount  reserved  as  the 
value  of  every  contract.  If  this  sum  be  calculated  according  to 
sound  piinciples,  and  be  an  item  not  merely  on  paper,  but  either 
money  or  what  can  be  turned  into  money,  the  Office  will  not  fiedl 
those  who  have  trusted  in  it. 

The  formula  for  the  value  of  a  policy  is,  then,  all-important  in 
a  scientific  investigation  of  the  subject. 

Deducing  this  expression  in  a  manner  which,  because  it  deals 
with  the  results  of  the  future,  is  called  "  prospective,"  we  find  that 
the  value  of  a  policy  is  the  difierence  between  the  sum  that,  sunk 
now,  would  with  its  interest  discharge  the  claim  when  it  arose, 
and  the  present  worth  of  the  future  payments  to  be  made  by  the 
assurer. 

These  payments,  however,  represent  not  merely  the  nett  pre- 
miums that  are  absolutely  necessary  to  be  paid  in  order  to  meet 
the  amount  assured  when  it  shall  become  due,  but  also  include  a 
further  sum  to  provide  for  charges  of  management,  contingencies, 
and,  in  most  cases  also,  to  be  the  main  source  of  bonus.  This 
addition,  or  margin,  is  usually  called  the  "  loading."  If,  then,  in 
estimating  its  liability  under  its  policies,  a  Company  debit  itself 
only  with  the  sum  that  would  be  actually  requisite  to  pay  the 
amount  assured  at  death,  and  credit  itself  with  the  gross  fiiture 
payments  under  its  contracts,  instead  of  the  TieU  premiums  merely, 
it  will  have  anticipated  the  total  worth  of  this  loading ;  and  there 
will  he  no  fund  to  provide  future  working  expenses,  or  to  be  a 
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source  of  profit;  and,  so  far  as  this  item  is  concerned,  the  Company 
is  insolvent. 

If  a  part  of  this  loading  only  be  discounted,  and  the  remainder 
be  sufficient  to  pay  the  future  charges  of  management,  the  Com- 
pany will  be  solvent  in  the  sense  that  it  will  be  able  to  pay  its 
policies ;  but  little  or  no  profit  can  be  expected  by  the  assurer,  as 
a  great  part  of  its  resources  will  have  been  made  away  with, — 
not  an  enviable  state  of  things  certainly,  when  we  remember  that 
in  most  instances  the  policy-holder,  in  order  to  share  in  the  profits, 
pays  a  considerable  sum  in  addition  to  that  which  is  required  to 
meet  the  amount  named  in  his  contract. 

The  value  of  this  item  of  loading,  and  the  importance  of  keeping 
it  intact,  can  be  guessed  when  it  is  stated  that,  in  "  participating  " 
policies,  it  averages  about  25  per  cent,  of  the  nett  or  pure 
annual  premium.  If  it  be  reserved  ;  at  every  investigation  period, 
the  profit  that  has  accrued  on  it  for  the  past  can  be  safely  divided, 
and  its  whole  future  worth  remains  a  perennial  spring  of  safety 
and  bonus. 

The  first  and  most  urgent,  then,  of  the  principles  afiecting  the 
solvency  of  a  Life   Office  is,   that  the  whole  of  the  future 

LOADING   AT   EACH    INVESTIGATION   BE    RESERVED    INTACT. 

It  is  scarcely  possible  to  exaggerate  the  importance  of  this 
principle.  If  no  part  of  this  margin  be  divided  till  it  be  actually 
realized,  a  Life  Company  can  stand  almost  any  mismanagement  in 
other  points.  There  should,  then,  be  no  tampering  with  the  future 
loading  on  the  premiums.* 

We  next  come  to  the  second  principle  to  be  observed  in 
estimating  the  reserve  under  a  Life  policy. 

Since  the  Company  assumes  that  a  certain  rate  of  interest  will  be 
realized  on  its  investments,  and  gives  the  assurer  the  benefit  of  that 
rate,  it  becomes  important  that  the  interest  anticipated  as  receivable 
be  not  greater  than  that  actually  obtained.  It  is  obvious  that,  per 
8e,  the  lower  the  rate  of  interest  assumed,  the  greater  the  safety; — 
we  say,  per  se,  because  there  are  modifications  considerably  afiecting 

*  Some  actuaries  have  conaidered  that,  in  certain  instances,  such  as  when  in 
a  policy  the  commission  payable  to  the  agent  has  been  commuted,  it  is  admis- 
sible to  discount  this  future  loading  to  the  extent  of  the  commuted  commission. 
No  doubt  this  is  correct ;  but  as  this  method  of  treating  commission  is,  in  most 
cases,  undesirable,  through  the  empirical  manner  in  which  the  commutation  is 
arrived  at,  and  as  also  discounting  of  future  resources  is  a  principle  likely  to 
lead  to  the  most  dangerous  abuses,  we  do  not  consider  it  requisite  to  modify  a 
rule  so  general,  to  meet  the  exigencies  of  cases  so  spedaL 


221  PhiloiophicaL  Society  of  GUwjow, 

our  results.  Still,  on  the  whole,  it  may  be  safely  considered  that 
a  low  rate  of  interest  will  give  a  high  liability,  and  vice  v^rsd. 

If  it  were  advisable  to  give  an  opinion  as  to  what  is  the 
maximum  rate  of  interest  that  may  be  assumed  in  valuing  the 
liabilities  of  a  Life  Office,  we  should  say  that  4  per  cent,  is  not 
iar  from  the  boundaries  of  safety.    It  must  be  remembered  that  the 

m 

tables  on  which  the  Office's  rates  are  based  assume  that  every 
premium  is  ])aid  on  the  day  it  £ei11s  due,  is  invested  there  and  then 
at  the  anticipated  rate  of  interest,  and  that  there  are  no  losses  on 
investments — things  that  in  practice  are,  of  course,  incapable  of 
realization, — so  that  a  4  per  cent,  valuation  really  requires  more 
than  that  nominal  rate  to  be  made,  in  order  that  the  realized 
interest  do  not  fall  short  of  the  anticipated. 

The  second  principle,  then,  is,  that  the  interest  estimated  as 

RECEIVABLE  VCST  NOT  BE  TAKEN  AS  GREATER  THAN  THAT  WHICH 
IS  CERTAIN   TO   BE   OBTAINED. 

The  third  matter  refers  to  the  table  of  mortality  employed.  As 
it  is  evident,  whether  it  arises  from  faulty  selection  or  otherwise, 
that  a  mortality  greater  than  that  allowed  for,  will  (so  fiEu:  as  this 
particular  item  can)  render  the  reserve  insufficient,  it  is  necessary 
that    we    should    lay  down,  as    our    third    principle,  tliat    the 

AVERAGE  DEATH-RATE  EXPERIENCED  OVER  A  SERIES  OF  TEARS 
SHOULD  NOT  BE  GREATER  THAN  THAT  ANTICIPATED  AND  PROVIDED 
FOR. 

The  remaining  principle  affecting  safety  is  not  an  actuarial  one. 
You  may  retain  all  the  loading,  value  by  the  most  approved  tables 
of  mortality  and  rates  of  interest,  but  what  if  your  reserve  consists 
of  "  Pennsylvanian"  bonds,  or  say  ''Chatham  and  Dover"  stock, 
estimated  at  par  ?  The  assets  (which,  of  course,  must  be  equal  in 
amount  to  the  liabilities  calculated  by  the  preceding  rules)  must 
THEN  BE  OF  THE  WORTH  PUT  ON  THEM.  They  should  not  be  of  a 
class  subject  to  great  and  sudden  changes  in  value.  Of  all  concerns 
in  the  world,  a  Life  Assurance  Com{>any's  investments  ought 
to  be,  and  almost  invariably  are,  the  furthest  removed  from  what 
may  be  termed  speculative.  I  need  hardly  dwell  longer  on  this 
fourth  |)oint, — it  requires  no  comment.  The  value  of  realized  assets 
is  a  matter  that,  in  a  commercial  community,  it  is  unnecessary  to 
enter  much  into  detail  about. 

It  will  be  observed  that  wo  say  nothing  in  our  rules  as  to  charges 
of  maiii)g<;Tiient.  Were  he  able  to  make  use  of  it,  which  he  certainly 
is  not,  to  a  [k>1  icy-holder,  wishing  to  determine  whether  the  profit 
he  might  expect  would  be  worth  the  price  given  for  it,  it  would  be 
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important,  no  doubt,  to  know  what  proportion  the  expenses  bear  to 
the  premium  revenue.  But  this  is  not  an  essential  item  in  the 
question  of  safety.  It  is  scarcely  possible,  without  the  grossest 
fraud,  in  an  investigation  term  of  ordinary  length,  to  spend  such  a 
sum  as  will  render  a  Life  Company  bankrupt ;  and  if,  in  the  recur- 
ring periods  of  valuation,  the  foregoing  principles  be  rigidly  applied, 
the  check  to  extravagant  expenditure  will  be  sufficiently  marked  to 
prevent  any  danger  on  this  score. 

TJie  whole  a/t/MurU  of  loading  being  reserved,  tlie  interest  realized 
exceeding  t^ie  amount  affiticipa^ted,  the  mortality  experienced  being  not 
less  favourable  Hum  that  provided  for,  and  the  assets  being  of  the  value 
put  on  Hiem, — on  these  four  things  the  security  of  a  Life  Assurance 
Office  is  based.  Failure  in  one  of  these  points  merely,  will  scarcely 
drag  down  a  Company,  should  no  undue  strain  have  been  put  on 
the  other  throe.  It  is  in  this  elasticity,  and  great  variety  of 
resources,  that  the  strength  of  a  Life  Assurance  Office  consists. 
"  Quccunque  jeceris  staMt"  might  well  be  its  motto.  Let  some  of 
its  investments  fail,  the  other  three  pillars  will  support  it;  let 
the  mortality  be  unfavourable,  and  even  let  the  interest  be  some- 
what exceeded,  the  last  stay  will  in  many  cases.  Atlas-like,  prop 
up  the  whole  building. 

Not,  however,  because  we  consider  there  is  any  probability,  or 
even  possibility,  of  its  being  called  on  to  do  so  in  capable  hands, 
have  we  adduced  this  example,  but  merely  as  an  illustration  of  the 
strength  of  the  foundation  on  which  the  colossal  fabric  of  Life 
Assurance  in  Britain  has  been  reared. 

In  loading,  interest,  mortality,  and  assets,  then,  the  security  of  a 
Life  Office  is  bound  up;  and  it  is  only  by  applying  the  correct 
principles  concerning  them  to  the  formula  we  have  previously 
given,  that  the  proper  reserve  to  be  retained  by  a  Society  can  be 
estimated.  No  empirical  test  can  be  safely  followed  for  this 
purpose ;  and,  did  time  permit,  it  would  be  a  very  easy  thing  to 
shew  what  feillacious  guides  are  the  many  rules  of  this  kind  that 
the  press  has  lately  so  lavishly  given  us.  The  expression  for  the 
worth  of  a  policy  is  of  far  too  Protean  a  nature  to  be  bound  in  such 
rigid  bands  as  a  fixed  ratio  of  any  kind ;  and  it  is  only  by  a  valua- 
tion, by  the  expression  we  have  given,  that  the  Office's  liability  can 
be  determined. 

But  a  valuation  may  mean  anything,  according  to  the  data 
employed.  We  must,  therefore,  particularize  the  elements  of  the 
formula  by  an  application  of  the  axioms  we  have  laid  down. 
Should  their  requirements  be  satisfied,  the  Office  will  h^  «>o\n«ix:^\  ^ 
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totally  nnheeded,  it  cannot  be  so ;  if  partly  neglected,  it  may  or 
may  not  be,  according  to  the  grossness  of  that  n^lect. 

In  giving  these  four  axioms,  we  believe  we  are  furnishing  all  the 
relevant  matter  that  the  ordinary  policy-holder  can  make  use  of. 
Many  journalists,  whom  recent  events  in  the  Insurance  world 
have  caused  to  turn  their  pens  in  this  direction,  think  otherwise. 
They  have  insisted  on  the  publication,  by  the  Life  Companies, 
of  a  host  of  details  that  might  be  more  or  less  valuable  to  the 
mathematician;  but  which,  unless  technical  education  became  so 
widely  spread  that  every  man  could  be  his  own  actuary,  would  be 
utterly  meaningless  to  the  community  at  large.  What  possible  use 
can  the  public  make  of  reports  of  the  amount  assured  at  each 
age, — the  average  duration  of  policies, — the  numbers  entering,  and 
the  other  formidable-looking  items  that  so  many  of  the  certainly 
''  self-taught"  writers  for  the  press  have  been  calling  on  the  Life 
Offices  to  supply,  as  a  test  of  their  worthiness  of  confidence  ? 

The  confidence  that  would  be  inspired  or  withheld  by  the  pro- 
ducing, or  keeping  back,  of  a  number  of  unintelligible  details,  must 
be  a  plant  of  a  very  peculiar  growth.  It  springs  up,  one  knows 
not  how — it  refuses  to  flourish,  one  knows  not  why.  These  items,  or 
rather  some  of  them,  would  be,  so  fax  as  they  go,  useful  to  the 
actuary,  inasmuch  as  they  will  be  required,  should  he  wish  to 
calculate  an  Office's  liability  for  himself.  The  four  axioms  which 
we  give  would  not  furnish  him  with  the  means  of  estimating 
what  this  sum  reserved  ought  to  be,  but  would  enable  him  to 
judge  of  the  soundness  of  the  principles  employed  in  computing 
it.  The  first  will,  with  the  help  of  a  great  many  more  items, 
enable  the  adept  to  say  whether  the  Company  is  solvent.  The 
general  axioms  will  supply  this  information  to  the  learned  and 
unlearned  alike.  Both  suppose  the  returns  are  correctly  made 
by  the  Office.  It  is  necessary,  however,  to  trust  somewhere.  We 
may  accumulate  check  on  check,  but  we  must  take  something  for 
granted  as  our  basis.  The  earth  may  rest  on  the  elephant — ^the 
elephant  on  the  tortoise;  but  in  the  end  we  must  place  the  tortoise 
on  8{)ace.  We  do  not,  however,  believe  that  the  danger  of  faJse 
statements  being  made  is  a  great  one.  The  criminal  law  is  too 
awkward  an  opponent  to  be  lightly  £Etced.  What  is  told  is  lusually 
the  truth  —  the  misfortune  is  that  it  may  not  be  the  whole 
truth. 

We  have  said  that  the  axioms  we  have  given  cow  be  applied  by 
the  skilled  and  the  unskilled  alike.  Will  they  both  do  so  is, 
however,  quite  another  thing.     We  are  reluctantly  driven  to  the 
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conclusion  that  a  very  large  section  of  the  public  will  not,  and, 
indeed,  cannot.  This  may  seem  contradictory  to  our  previous 
remarks ;  but  really  is  not.  What  is  called  "  ordinary  intelligence  " 
is  not  by  any  means  so  ordinary  as  to  warrant  us  in  relying  that 
men  in  the  mass  will  be  guided  by  it.  Therefore,  holding  as  we 
do,  that  Life  Assurance  is  of  such  a  special  nature  that  every 
encouragement  should  be  given  to  it,  we  consider  that  if  it  be 
possible  to  protect  from  risk  of  loss  in  it  those  who  will  not,  or 
cannot,  protect  themselves,  Government  ought  to  do  so.  That 
it  is  possible  to  a  very  large  extent,  we  have  no  doubt;  and  we 
shall  now  examine  the  various  methods  that  have  been  suggested 
for  this  purpose. 

One  plan  that  has  been  proposed  is  to  compel  the  publication 
of  the  accounts  of  the  various  Life  Offices,  with  machinery  to 
enable  the  policy-holder  to  have  these  statements  verified,  should 
he  think  it  necessary.  Of  this  nature  was  the  Bill  introduced  into 
Parliament  last  session  by  the  Honoui-able  Mr.  Cave. 

Another  proposition  is,  to  compel  the  deposit  with  Govern- 
ment, or  the  investment  in  trust  for  the  policy-holders  in  Grovem- 
ment  securities,  of  a  certain  proportion  of  the  assets.  This  principle 
formed  the  distinguishing  feature  of  a  Life  Company  now  extinct 
(the  "  Consols"),  and  since  again  has  been  taken  up  by  another 
Office.  This  is  also  the  principle  of  a  measure  passed  last  year  in 
the  State  of  New  York  on  the  subject.* 

A  third  suggestion  has  been,  that  Government  itself  should 
extend  its  scheme  of  industrial  assurances  till  it  embraces  all  sections 
of  the  community. 

A  fourth  is,  that  a  Government  actuary  should  be  appointed,  to 
whom  the  Life  Offices'  accounts  should  be  by  law  submitted,  and 
who  should  have  power  to  compel  a  safe  course  of  action  by  the 
various  Companies.  Prior  to  the  passing  of  the  Act  already  alluded 
to,  this  last  plan  was,  with  various  modifications,  the  one  adopted 
in  the  American  State  previously  mentioned. 

Wo  shall  attempt  to  shew  now  the  comparative  advantages  of 
each  method. 

First,  as  to  the  compulsory  registration  of  accounts.  In  Mr. 
Cave's  Bill,  last  year,  many  details  were  called  for  from  the  Com- 
panies— ^in  fact,  quite  a  sufficient  number  to  enable  any  actuary 
who  chose,  to  investigate  for  himself  the  adOTairs  of  every  Life  Office; 
but  only  to  him  would  these  voluminous  schedules  have  been  of 

*  See  Appendix  A 
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any  value.  For  any  direct  use  these  particulars  could  have  been  to 
the  general  public,  they  might  as  well  not  have  been  registered  at  all ; 
and  the  sole  benefit  that  could  be  derived  by  the  community  from 
their  publication,  would  be  the  indirect  one,  that  what  is  positively 
known  to  a  few  skilled  persons,  will  in  time  penetrate  the  mass,  so 
that  an  Office  in  a  dangerous  state  may  have  its  career  closed  at  a 
somewhat  earlier  period  than  at  present. 

There  is  no  certainty,  however,  that  this  knowledge  will  reach 
those  immediately  concerned,  till  the  mischief  is  done, — and  the 
reason  is  obvious.  It  is  rather  too  much  to  expect  of  any  body  of 
men  that  they  will  subject  themselves  to  the  very  doubtful  chances 
of  an  action  for  libel,  in  a  matter  in  which  they  have  no  personal 
concern.  And  by  the  time  that,  by  private  and  privileged  com- 
munications, the  perilous  position  of  any  Office  becomes  known  to 
a  sufficient  number  of  interested  parties  who  will  put  in  force  the 
machinery  the  Act  of  Parliament  may  provide,  rather  than  quietly 
make  the  best  of  their  way  out  of  the  sinking  ship, — ^by  this  time, 
we  repeat,  it  is  more  than  likely  that  the  Company  will  be  hope- 
lessly involved. 

There  is  a  danger  also  on  the  other  hand.  The  machinery  pro- 
posed to  be  used  in  working  Mr.  Cave's  Bill  could  be  as  readily 
employed  to  damage  a  good  Society  as  to  stop  the  career  of  a  bad 
one.  There  was  a  clause  in  the  Bill  giving  power  in  any  Life 
Office  to  twenty  policy-holders,  representing  £20,000  assured,  to 
have  a  special  investigation  of  its  affairs  made  by  the  Board  of 
Trade.  Can  it  be  doubted  that,  in  such  a  time  as  we  have  just 
passed  through,  this  power  would  be  exercised  without  any  better 
ground  than  blind  fear?  No  arguments  could  convince,  no  state- 
ment satisfy,  the  policy-holder  at  such  a  season.  He  would  consider 
himself  certain  of  only  two  things, — ^the  first,  that  he  understood 
nothing  of  the  matter, — the  second,  that  he  had  a  ready  means  at 
hand  of  getting  those  who  did,  to  resolve  his  doubts.  The  tempta- 
tion would,  we  think,  be  irresistible.  And  it  is  not  alone  people 
who  honestly  desired  satisfaction  that  might  put  the  clause  in 
motion.  Those  who  are  popularly  known  as  the  wreckers  of 
public  Companies  could  not  wish  a  better  instrument  to  compass 
their  ends.  Even  if  the  clause  were  not  put  in  force,  the  threat  to 
do  so  would  be  tried  as  a  means  of  exacting  compliance  with  the 
most  absurd  and  unreasonable  claims;  and  if  the  Office  were  really 
one  that  had  something  to  conceal,  the  threat  would  be  probably 
successful.  Even  as  things  are  at  present,  attempts  of  this  sort  are 
not  unknown  in  the  history  of  Assurance;  but,  with  a  law  giving 
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powers  that  could  be  turned  to  such  mischievous  account,  the  evil 
would  become  much  greater.  No  such  sword  of  Damocles  ought 
to  be  kept  dangling  over  the  Assurance  Companies,  to  be  shaken 
down  whenever  panic-stricken  ignorance,  or  hypocritical  fraud, 
chose  to  do  so.  But,  it  may  be  said,  the  sword,  if  shaken  down, 
would  only  be  a  terror  to  evil-doing  Offices,  but  a  praise  and  a 
help  rather  to  those  that  did  well.  No  doubt  the  vast  majority  of 
Life  Companies  would  come  triumphantly  through  the  ordeal  of 
a  Board  of  Trade  investigation;  and  as  their  soundness  would 
have  the  Government  mint  mark  impressed  upon  it,  it  might 
be  supposed  they  would  thrive  the  better  thereafter.  We  do, 
however,  believe  this  would  be  the  case: — The  provident  classes, 
as  a  whole,  seem  to  think  of  Assurance  Offices  as  Caesar  did 
of  Calphumia.  They  ought  to  be  above  suspicion  even;  and  if 
calumny,  though  proved  to  be  such,  were  breathed  against  them, 
they  would  be  more  likely  to  divorce  themselves  from  those 
Societies  than  join  themselves  to  them.  There  would,  in  spite  of 
everything,  insinuate  themselves  fears  as  to  whether  there  might 
not  be  some  grounds  for  the  petition  after  all ;  and  rather  than  £Ekce 
these  misgivings,  people  would  prefer  to  insure  in  an  Office  on 
whose  fair  fame  no  doubts  had  yet  been  cast.  And  though  the 
policy-holders  of  the  Company  which  had  safely  passed  through  the 
fire  could  congratulate  themselves  on  their  tried  security,  they 
would  soon  find,  in  their  diminished  bonuses,  that  a  petition  for 
investigation  was  not,  after  all,  a  harmless  afiair. 

Besides,  even  if  no  other  injury  were  to  result  than  the  tem- 
porary check,  is  this  anxiety  to  the  policy-holders — an  anxiety  that 
would  impel  many  to  let  their  policies  lapse,  and  thus  in  great  part 
lose  the  fruits  of  their  self-denial — is  this  deferring  payment  of 
the  death-claims  to  those  who  may  be  in  urgent  need,  of  so  little 
moment,  that  any  knot  of  persons,  whether  it  be  through  ignorance, 
or  whether  it  be  through  fruud,  are  privileged  to  produce  them? 

And  to  obviate  the  difficulty,  should  any  check  be  put  on 
frivolous  petitions,  the  danger  is,  that  in  doing  so  a  barrier  will  be 
erected  in  the  way  of  those  who  really  have  grounds  for  alarm,  and 
a  hindrance  set  to  their  obtaining  either  redress  or  explanation. 

Without  this  clause,  then,  a  Bill  for  registration  of  accounts  is 
powerless — with  it,  is  dangerous ;  and,  whether  with  or  without  it, 
uncertain  in  its  results. 

A  still  further  proof  can  be  given  of  how  little  value  to  the 
general  public  would  Mr.  Cave's  Bill  have  been,  or  indeed  any  Bill, 
which  merely  compels  the  publication  of  accounts,  without  ^^^'^^'^ 
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Log  some  skilled  person  to  see  tliat  these  accounts  are  satis&ctory. 
7%ere  is  at  t/ic  present  niainent  more  than  ofie  Life  Assurance  Company ^ 
transacthig  annually  a  large  amount  of  new  business,  whose  widely- 
spread  pamphlets,  though  not  exceptionally  explicit,  fwmish  to  the 
acttuiry  presiunptive  evidence  of  their  condition  sufficiently  strong  to  make 
him  carefully  avoid  the  Offices  issuing  tlt^m.  It  is  possible  that  the 
statements  contained  in  these  documents  are  compatible  with  safety; 
but  it  is  as  possible  that  the  reverse  is  the  case;  and  it  is  certain 
that  were  the  public  aware  of  the  construction  that  could  be  put  on 
the  facts  there  set  forth,  it  would  give  itself,  and  not  the  Offices,  the 
benefit  of  the  doubt.  And  jet  these  Companies,  with  a  confidence 
in  the  public  that  is  certainly  not  abused  by  it,  scatter  these 
pamphlets  broadcast,  as  the  evidence  of  their  undoubted  security. 

This  seems  to  us  final  as  to  the  benefit  of  such  a  Bill  as  Mr. 
Cave's.  We  understand  the  measure  he  intends  to  bring  forward 
this  session  is  to  be  similar  in  principle  to  that  other.  If  it  be 
80,  though  it  cannot,  should  it  pass  into  law,  be  entirely  valueless, 
as  it  will  enable  actuaries  to  be  absolutely  certain  in  cases  where 
they  have  only  at  present  presumptive  evidence,  yet  still  it  must 
fall  very  fJEir  short,  both  of  the  requirements  of  the  public,  or  of 
what  legislation  might  do  in  its  behalf. 

The  second  proposition — viz..  The  deposit  in  trust  for  the 
policy-holder  with  Government  of  a  certain  proportion  of  every  Life 
Company's  assets — next  claims  our  attention. 

What  sum  should  be  deposited?  Obviously  the  only  amount 
that  can  be  logically  insisted  on  is  that  which  represents  the  liabili- 
ties, that  is,  the  value  of  the  policies.  This  involves,  then,  the 
fixing  of  a  hard  and  definite  line  of  valuation,  and  allows  no  freedom 
to  the  Offices  at  all  in  the  matter.  On  this  bed  of  Procrustes  each 
Company  would  be  tied  down,  and  its  reserve  drawn  out  or  lopped 
off*,  till  the  Governmental  standard  was  reached. 

A  security  supported  by  this  means  is  not  security,  and  is 
neither  to  be  lauded  nor  desired. 

That  firmness  and  strength  which  is  maintained  by  an  enforced 
uniformity,  not  merely  in  vital  but  in  minor  matters,  is  not  a  thing 
to  be  wished,  even  in  the  interests  of  the  policy-holder.  In  the 
diversity  of  practice  among  actuaries  (a  diversity,  be  it  remarked,  in 
no  way  affecting  the  Offices'  solvency),  there  is  benefit  to  the 
public.  In  the  healthy  freedom  and  clash  of  opinion,  illustrated  in 
practice,  there  is  advancement  to  science,  and  gain  to  the  world. 

Besides,  this  hard-and-fast  line  has  actually  sometimes  a  tendency 
against  security,  inasmuch  as  it  might,  in  consequence  of  an  assump- 
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tion  by  it  of  a  certain  premium,  which  may  or  may  not  be  the  one 
received  by  the  Companies,  allow  an  Office  to  maintain  a  less  reserve 
than  it  ought  to  have.  The  introduction  to  the  New  York  Insur- 
ance Superintendent's  Report  for  1865  may  be  adduced  in  support 
of  this  statement. 

These,  though  great,  are  not  the  only  objections  to  the  method  of 
supervision  we  are  now  considering. 

The  rate  of  interest  realized  on  Consols  is  little  more  than  3 
per  cent.  An  Insurance  Company  can  readily,  and  without  any 
danger  to  the  principal,  secure  4  per  cent.  Why  compel  the 
assurer  to  pay  1  per  cent,  as  the  price  of  a  security  that  can  be 
obtained  without  any  such  charge  being  made?  He  will  very  soon 
find,  through  the  index  of  his  bonus,  that  he  is  paying  too  dearly 
for  his  whistle. 

That  Consols  are  readily  convertible,  is  no  argument  in  their 
favour,  but  rather  against  them, — as  to  invest  the  mass  of  a  Life 
Company's  funds  in  a  readily  convertible  security,  is  to  needlessly 
sacrifice  a  legitimate  advantage  that  Assurance  Companies  possess 
in  the  market,  and  which  represents  a  safe  increase  in  the  interest 
obtained.  A  Life  Office,  though  of  course  requiring  a  working 
balance,  can  afibrd  to  invest  the  bulk  of  its  funds  in  securities 
that,  though  scLfe,  are  not  rapidly  convertible,  as  a  "  run  "  upon  it  is 
impossible.  Even  epidemics  afiect  it  but  little.  The  cholera  seasons 
which  have  occasionally  swept  over  us  have  scarcely  shaken  the 
mortality  experienced  by  the  Companies. 

Again,  Consols  are  subject  to  fluctuations — not  that  there  is  in 
this  any  danger,  if  the  margin  retained  be  large  enough ;  but  as  loans 
advanced  on  heritable  securities,  which  form  the  bulk  of  most  Life 
Offices'  funds,  are  not  fluctuating  in  value,  they  are,  if  this  be  an 
evil,  superior  as  an  investment.  It  must  be  remembered  also,  that 
where  the  Consols  are  bought  outright,  as  this  method  supposes, 
there  is  no  margin ;  but  the  market  price  at  the  time  is  the  minimum 
one  that  must  be  obtained,  or  loss — ^small,  no  doubt,  but  possible — 
will  result.  As,  too,  this  method,  like  all  the  others,  requires  the 
appointment  of  an  official  stafl*  to  see  that  the  proper  sum  is 
invested  and  maintained,  it  possesses  in  this  respect  no  special 
advantage  over  the  others. 

The  third  scheme  is,  that  Government  itself  should  extend  its 
Assurance  system  beyond  the  industrial  classes.  This,  it  may  be 
observed,  in  the  first  place,  would  be  no  help  or  remedy  in  the 
matter,  as  it  would  do  nothing  to  benefit  either  those  who  are 
already  assured  in  the  private  Life  Offices,  or  those  who  might  here- 
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after  be  so.  It  would  simply  furnish  a  refuge  which  might  or  which 
might  not  be  taken  advantage  of.  We  have  called  it  "  a  refuge ; " 
but  the  better  words  would  have  been  "a  choice,"  as  not  even  Govern- 
ment security  is  firmer  than  that  of  a  well-conducted  Life  Office, — 
and  of  tliis  class  are  the  great  majority  of  Companies.  The  resources 
of  the  latter  are  amply  sufficient  to  meet  all  possible  contingencies. 
Can  more  be  said  of  the  former  ? 

If  Government  has  no  advantage  in  this  point,  in  every  other  it  is 
deficient;  and  so  much  so,  that  a  Government  Life  Society  never  can 
be  successful.  The  utter  failure  of  the  Industrial  Assurance  Scheme 
is  a  proof  of  this.  The  Post  Office  entered  on  that  with  far  stronger 
points  in  its  feivour  than  it  would  have  in  a  contest  with  the  Life 
Offices.  The  Friendly  Society  system  was,  and  is,  pervaded  with 
mismanagement  and  fraud  to  a  degree  which,  not  even  in  the 
unreasoning  time  immediately  succeeding  the  '' Albert"  fall,  did 
the  most  ignorant  on  the  subject  assert  of  Assurance  Companies. 
The  one  argument  of  security  told  then  with  tenfold  force.  What 
has  been  the  result  ?  The  swindling  Societies  are  swindling  still, 
and  the  same  breakings  up,  and  failures,  and  disappointments,  are 
going  on  as  before,  with  no  perceptible  diminution  in  the  number  of 
sufferers,  while  the  Government  ledgers  are  practically  empty.* 

Why  should  this  be?  Has  the  British  artizan  an  insane  desire 
to  lose  his  money  ?  Why  should  industrial  assurers  so  obstinately 
prefer  possible  or  even  probable  loss,  to  the  absolute  security 
offered  by  a  paternal  Government?  Many  good  and  sufficient 
reasons  could  bo  given ;  but  the  sum  and  substance  of  all  of 
them  is,  that  the  official  scheme  does  not  meet  their  require- 
ments. Nor  can  it !  It  never  can  possess  the  requisite  pliability 
or  adaptation  to  their  wishes.  Routine,  to  a  certain  extent,  in 
so  vast  a  machine  as  our  national  institutions,  is  indis}>ensable ; 
and  even  that  amount  of  it  which  is  absolutely  requisite,  would 
be  fatal  to  all  hopes  of  making  the  Industrial  system  a  success, 
or  extending  it  with  advantage  to  ordinary  Assurances.  The 
truth  may  as  well  be  told, — Life  Assurance  is  too  self-denying 
in  its  nature  to  cause  any  very  large  number  to  become  partakers 
in  its  benefits,,  unless  the  matter  is  urged  upon  them  by  the 
personal  exertions  of  agents,  who  themselves  are  continually 
stimulated  from  head-quarters.  It  is  absurd  to  suppose  that  the 
tact  and  energy  required  to  do  this  can  be  found  in  the  slow  and 

*  From  the  commencement,  in  1865,  up  till  the  end  of  18G8,  the  number  of 
l)olicic8  issued  under  the  Government  scheme  was  less  than  2,000. 
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lumbering    movements    that    necessarily   mark    all    departmental 
arrangements. 

If,  then,  a  Government  Life  Office  would  not  succeed,  and,  whether 
successful  or  not,  could  do  nothing  to  remedy  any  wrong  that  might 
be  done  those  beyond  its  pale,  we  may  dismiss  it  as  unsuitable  for 
our  purpose. 

There  only  remains  the  fourth  suggestion, — ^viz.,  that  a  Govern- 
ment actuary  should  be  appointed,  to  whom  the  Offices'  accounts 
would  be  rendered,  and  who  should  have  power  to  see  that  no 
Office  stepped  beyond  the  pale  of  solvency.  And,  lest  it  should  be 
suspected  that  we  are  adopting  the  celebrated  plan  of  stating  that 
there  are  three  courses  open  in  the  matter,  and  then  proceeding  to 
shew  that  one  of  them  was  absurd,  the  second  impracticable,  and 
the  last  utterly  impossible,  we  may  as  well  say  at  once  that  we 
believe  in  this  last  plan  the  solution  of  the  problem  will  be  found. 
The  appointment  of  such  an  official — who,  we  may  remark,  ought 
to  be  unconnected  with  any  Office — would  give  the  check  that  is 
wanted, — and  that,  too,  without  raising  the  objections  urged  against 
the  other  plans,  that  they  may  cause  the  innocent  to  suffer  as  well 
as  the  guilty. 

There  are  three  objections  that  we  have  heard  urged  against  this 
method  of  meeting  the  difficulty. 

The  first  is,  that  a  supervision  by  a  public  actuary  might  be 
considered  as  implying  a  Government  guarantee  of  the  solvency  of 
the  various  Societies.  No  doubt  this  is  i)ossible  with  the  ignorant; 
but  we  hold  that,  practically,  no  danger  would  arise  from  such  a 
supposition,  unfounded  though  it  be.  As  with  supervision,  added 
to  the  natural  safety-guard  of  what  may  be  called  the  bonus- 
producing  power  of  the  Office,  which  will  always,  in  case  of  need, 
come  between  it  and  bankruptcy ;  and  the  fact  that,  if  requisite, 
the  expenses  could  be  reduced  to  the  charges  of  a  receiver  to  collect 
premiums  and  pay  claims,  we  believe  that  the  danger  of  a  Life 
Company  becoming  insolvent  is  reduced  to  a  chance  so  small  as  to 
render  it  unnecessary  to  take  it  into  account. 

The  little  value  that  the  Registrarship  of  Friendly  Societies  has 
been,  is  no  argument  against  the  scheme  we  advocate.  The 
number  of  Friendly  Societies  is  so  great  that  it  is  not  possible 
to  have  them  so  thoroughly  under  control  as  the  Assurance  Com- 
panies. 

The  classes  of  the  community  which  these  Societies  have  to 
deal  with  are  also  more  ignorant,  and  therefore  are  more  readily 
imposed  upon.     And  lastly,  and  above  all,  the  of&ci^  VvoXdi  V^'^^-^' 
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Tidd  Pratt  failed  to  serve  the  end  intended,  because  the  statute 
creating  it  was  merely  permissive,  and  not  compulsory  in  its 
provisions. 

For  these  reasons  no  argument  can  be  fairly  brought  against 
the  plan  now  being  examined,  if  it  be  drawn  from  the  experience 
of  the  workings  of  the  Friendly  Societies  Act,  though  it  may  be 
observed  in  passing,  that  this  Act,  and  the  office  under  it,  might 
be,  and  ought  to  be,  made  really  useful  to  the  industrial  com- 
munity. 

To  object  to  Grovemmental  oversight,  on  the  ground  that  it  may 
be  mistaken  for  Governmental  guarantee,  and  to  offer  instead  of  it 
a  publication  of  accounts,  stating  at  the  same  time  that  assurers 
must  themselves  judge  whether  these  be  satisfactory,  is,  for  the 
sake  of  a  very  remote  possibility,  to  put  an  obligation  on  the  provi- 
dent classes  that  they  are  quite  incapable  of  fulfilling.  It  is  to  say 
that  it  is  better  that  a  general  distrust  should  prevail  of  the  Life 
Offices,  and  a  consequent  hindrance  be  put  to  the  performance  of  the 
sacred  duty  of  Life  Assurance,  rather  than  that  by  a  general  confi- 
dence there  might  happen  the  very  unlikely  thing  that  an  Office 
bearing  the  Kegistrar's  certificate  became  unable  to  meet  the  claims 
of  its  policy-holders. 

This  is  no  unfair  statement  of  the  case.  It  is  quite  certain  the 
public  will  not  comprehend  these  accounts.  It  will  trust  *^  all  in 
all,  or  not  at  all."  And,  after  the  ''Albert"  catastrophe,  should 
such  a  choice  be  thrust  on  it,  the  latter  course  is  more  likely 
to  be  followed  than  the  former. 

The  second  objection  against  this  scheme  is,  that  from  the  number 
of  Assurance  Company  policies,  any  effective  supervision  will  be 
impracticable.  To  this  we  reply,  that  in  America  a  more  rigid 
inspection  than  we  advocate  actually  takes  place.  Valuations  are 
there  made  by  the  State  Insurance  Superintendents,  and  made 
annually  too.  Far  less  than  this  will  suffice.  We  do  not  consider 
it  requisite  for  the  Government  actuary  to  value  the  liabilities 
and  assets  of  the  various  Societies,  unless  in  very  special  cases. 
An  examination  of  the  principles  followed  in  determining  this, — 
a  subject  treated  of  in  the  first  part  of  our  paper, — ^will,  in  most 
cases,  be  all  that  is  necessary.  What  further  may  be  requisite  can 
be  very  readily  done.  A  valuation  to  determine  the  exact  amount 
of  profit  accrued,  and  a  valuation  to  give  an  answer  to  the  question, 
"  Is  the  Society  solvent  ? "  are  very  different  things. 

This  will,  no  doubt,  be  incapable  of  preventing  swindling.  That, 
however,  is  a  thing  which  no  system  can  efficiently  guard  against ; 
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and  the  power  of  making  a  more  rigid  inspection,  when  thought 
necessary,  would  reduce  this  danger  to  a  minimum. 

The  third  argument  that  we  have  heard  brought  against  this 
method  is,  that  by  it  there  might  be  unnecessary  interference 
as  to  the  details  employed  in  valuation  by  the  various  Societies. 
If  it  be  laid  down  that  the  sole  duty  of  the  Government  actuary 
is  to  see  that  no  Company  became  insolvent,  we  do  not  see  how 
this  can  happen.  Those  who  think  so,  must  have  in  their  minds 
the  idea  of  a  Life  Office  so  near  the  boundary  line  of  safety, 
that  a  very  little  matter  will  render  it  unable  to  meet  its  engage- 
ments. This  is  a  state  that  no  Life  Assurance  Society  ought  to  be, 
or  need  be,  in.  For  instance,  say  in  the  valuation  of  assets 
fluctuating  in  value — such  as  Stocks,  or  Consols — ^there  is  a  good 
deal  to  be  said,  on  the  one  hand,  for  valuing  them  at  the  im- 
mediate selling  price,  and  on  the  other  for  estimating  them  as 
worth  the  average  sum  they  would  fetch  in  a  series  of  years. 
The  Government  official  might  very  possibly  consider  that  the 
plan  which  put  the  less  present  value  on  them  was  the  one  that 
should  be  followed, — the  actuary  of  the  Society  in  question  might 
hold  the  other  opinion, — still,  there  would  be  no  ground  for  inter- 
ference in  any  well-conducted  Office,  as  there  would  remain  the 
reserve  of  the  surplus  loading,  and  the  benefit  in  interest  and 
mortality  over  the  anticipated  I'ates.  These  would  certainly  pre- 
ponderate so  much  over  the  debated  difference  in  value  of  assets, 
that  even  were  the  most  rigid  view  of  this  point  taken,  the  Office 
would  be  solvent.  The  same  course  would  obtain  in  any  other  of 
the  various  questions  of  the  debatable  ground.  Li  the  Office 
undeniably  solvent  when  the  most  rigid  construction  is  put  on  themf 
If  so,  there  is  no  pretext  or  reason  for  interference.  If  in  this 
vital  matter  the  answer  be  doubtful,  there  need  be  no  more  words 
about  liberty; — intervention  is  imperative,  and  is  no  hardship  or 
injustice. 

In  this  method,  then,  with  the  limitation,  that  so  loug  as  a  Life 
Company  was  indubitably  solvent  there  should  be  no  interference, 
we  believe  the  best  solution  of  this  much-vexed  problem  is  to  be 
found. 

Whatever  form  legislation  takes  in  the  matter,  there  is  one  thing 
that  ought  not  to  be  forgotten — the  interests  of  the  Assurance 
Companies  are  identical  with  those  of  the  public.  An  Insurance 
Office  really  means  those  insured  in  it;  for,  in  a  Life  Company,  the 
stake  of  the  shareholders — ^if  shareholders  there  be — is  a  mere 
bagatelle  to  that  of  the  policy-holders,  and  anyihixk!^  iVi^b^.  ^vr^  %^ 
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inJTirionaly  to  the  <>tfices  will  undoubtedly  tell,  through  the 
bonuses,  on  the  interests  of  aasureTS  in  them.  How  great  that 
interest  now  is,  few  have  any  idea.  In  statistics  which  have 
been  kindly  put  at  my  service  by  Mr.  Thomson,  of  the  "*  Standard  '* 
Company,  the  sum  assured  in  the  Life  Offices  of  Great  Britain 
is  estimated,  in  I860,  as  about  £335,000,000;  and  the  premiums 
payable  under  this  sum,  about  £\  1 ,0<")0,000  per  annum. 

Magnitude,  however,  is  only  comparative.  In  order,  then,  to 
understand  how  Life  Assurance  has  pervaded  the  length  and 
brea4^hh  of  the  country,  let  us  compare  its  stature  with  that  of 
another  National  Institution — Banking.  Compare,  say,  the  Scottisli 
Banks  and  the  Scottish  Assurance  Companies, 

From  Mr.  Thomson's  statistics,  I  gather  that  in  1869  about 
X62,000,000  represented  the  Scottish  Banks'  indebtedness  and 
assets.  The  Scottish  Insurance  Companies  had  at  the  same  date 
come  under  obligation  to  pay,  and  had  assets  present  and  pro- 
spective, to  the  extent  of  £85,000,000.  It  is  true  that  in  the 
Life  Offices'  assets,  part  is  represented  by  the  accumulated  amount 
of  premiums  yet  to  be  received.  This,  however,  is  legitimate 
enough ;  future  premiums  are  "  promises  to  pay,"  and  it  is  the 
rMpoTigU/UUies  of  both  institutions  under  present  contracts  that  are 
being  compared.  If  we  take  as  our  measuring-rod  the  notes  in 
circulation  of  the  Bank  of  England  at  28th  July  last,  the  result 
would  be  still  more  striking, — the  issued  promises  to  pay  of  the 
Scottish  Life  Offices  exceeding  that  of  the  issued  promises  to  pay 
of  the  Bank  by  oVer  £60,000,000. 

While,  then,  so  far  as  law  can,  it  ought  to  be  seen  that 
the  contracts  rejiresenting  these  vast  sums  be  discharged  to 
the  last  farthing,  it  liehoves,  also,  that  this  be  done  in  the 
way  that  will  work  most  beneficially  to  the  policy-holder.  We, 
with  many  others,  believe  that  some  such  scheme  as  is  here  advo- 
cated is  the  best  suited  to  this  end  ;  and  that,  were  it  adopted,  the 
assurer  would  receive  the  one  benefit  more  that  is  required  to 
convert  what  is  at  present  a  moral  certainty  into  an  absolute 
one.  A  moral  certainty  now,  instsmuch  as,  despite  all  that  has  been 
lately  written  by  those  ignorant  of  the  subject,  there  is  no  one  of 
our  great  Joint-stock  enter piisos  in  a  sounder  condition ;  an  absolute 
certainty  hereafter,  inasmuch  as,  by  like  legislation  to  that  we 
have  indicated,  the  few  doubtful  Societies  would  disappear,  and  the 
host  of  reliable  Companies  be  left  a  noble  monument, — on  the  one 
part  to  the  provident  habits  of  a  people,  on  the  other  to  scientific 
reiearoh^  to  business  capacity,  and  to  commercial  integrity. 
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Appendix  A. 

In  a  paper  advocating  legislation  in  connection  with  Assurance 
Companies,  it  is  advisable  to  glance  briefly  at  the  various  laws 
passed  upon  the  subject  in  other  countries,  as  well  as  the  suggestions 
previously  made  in  our  own. 

In  1853,  the  British  House  of  Commons  appointed  a  Committee 
on  the  question.  The  substance  of  their  Report  was,  that  the  Joint- 
stock  Companies  Act  was  unfitted  to  meet  the  case  of  Insurance 
Societies, — that  legislation  on  the  subject  should  not  be  of  a  per- 
missive, but  compulsory  nature, — that  the  Offices  established  prior 
to  the  Act  of  1844  should  come  under  the  same  regulations  as  those 
started  since, — that  in  the  case  of  projected  Companies  a  certain 
amount  of  capital  should  be  deposited  with  Government,  not  only  as 
a  guarantee  of  the  hondfdes  of  the  undertakings,  but  also  a  security 
for  their  liabilities  in  the  early  stages  of  existence, — and  lastly,  that 
the  Life  Offices*  accounts  should  be  registered.  It  will  be  seen, 
from  what  we  find  afterwards,  that  a  rule  analogous  to  the  fourth 
recommendation — viz.,  that  a  deposit  should  be  made  in  the  case  of 
projected  Companies — is  in  existence  in  almost  every  country  in 
which  there  is  legislation  on  the  subject.  The  fifth,  referring  to  the 
registration  of  accounts,  is  the  first  of  the  various  methods  we  con- 
sidered in  our  text,  and  the  remarks  then  made  will  be  applicable 
to  it.  On  this  Report  no  action  whatever  has  been  taken  by 
Parliament ;  and  the  law,  so  far  as  it  relates  specially  to  Assurance 
Companies,  is  still  in  the  same  condition. 

In  Germany,  prior  to  the  war  of  1866,  each  State  had  its  own  law, 
or  no  law,  as  the  case  might  be,  on  the  subject.  Since  then,  the 
matter  has  again  engaged  the  attention  of  the  North  Germanic 
Confederation,  though  no  Act  has  yet  been  passed  about  it. 

From  a  paper  of  Herr  Hopf  s,  the  manager  of  the  "Gotha"  Company 
in  Germany,  we  gather  that,  in  Austria  in  1860,  a  decree  was  issued 
prescribing  the  manner  in  which  the  Life  Assurance  Companies' 
reserves  were  to  be  calculated,  and  commanding  that  a  special  fund, 
equal  to  this  amount,  was  to  be  retained.  A  Commissioner  was 
appointed  by  Government  to  see  that  this  decree  was  complied  with. 
This  solution  of  the  problem  resembles  the  second  of  the  methods 
we  discussed  in  the  paper,  and  is  open  to  the  objections  there 
urged. 

By  a  law  passed  recently  in  France,  it  is  enacted  that  Life 
Assurance  Companies  are  to  be  subject  to  the  inspection  and  control 
of  the  Government.     This  decree  is  so  indefinite,  that  it  will  sanction 
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any  amount  of  interference,  and  allows  each  case  to  be  dealt  with 
specially  on  its  own  merits.  This  is,  of  course,  in  one  way  an 
advantage ;  but  it  leaves  room  for  such  abuses,  that  it  is  wholly  in- 
admissible. It  may  be  observed  also  that  in  France  the  promoters 
of  Joint-stock  Companies,  before  receiving  authorization  to  com- 
mence business,  have  to  shew  the  possession  of  a  certain  amount  of 
guarantee  capital,  and  the  nature  of  the  investments  is  sJso  pre- 
scribed. The  fourth  safety-principle  of  our  text  is  thus  cared  for, 
more  than  is  necessary,  we  think.  Except,  however,  the  indefinite 
Act  before  referred  to,  there  is  no  provision  for  the  observance  of 
the  other  three. 

In  Canada,  a  law  was  passed  recently  compelling  Assurance  Com- 
panies transacting  business  in  the  Dominion  to  make  a  deposit  with 
Government  of  $100,000.  This  cannot  be  considered  a  satisfeuitory 
solution  of  the  problem.  In  case  of  need,  the  guarantee  asked  for 
would  not  nearly  suffice  to  discharge  the  liabilities  of  many  Com- 
panies; and  in  the  case  of  young  Offices,  or  of  Societies  with  a  small 
amount  assured  there,  the  sum  thus  locked  up  would  be  greatly 
in  excess  of  the  worth  of  their  obligations. 

The  United  States'  legislation  on  the  subject  resembles  that  of 
Germany  before  the  war  of  1866.  Each  State  follows  its  own  rules 
in  the  matter. 

New  York,  prior  to  a  measure  passed  last  year,  acted  on  the 
principle  we  advocate  in  this  paper — viz.,  having  a  Govern- 
ment actuary  to  whom  the  Offices'  accounts  were  rendered,  and 
who  had  power  to  compel  a  safe  course  of  action  by  them.  We 
say  the  principle  was  the  same,  because  various  of  the  details  were 
such  as  seem  to  us  unnecessary  and  oppressive.  As  an  illustration 
of  this,  we  may  point  out  that  the  Offices  doing  business  in  the  State 
are  compelled  to  submit  an  anniud  valuation  of  their  liabilities  to 
the  Insurance  Superintendent.  An  investigation  so  frequent  is, 
we  think,  by  no  means  requisite. 

In  1867,  an  Act  was  passed,  allowing  Life  Assurance  Offices  to 
make  special  deposits  with  the  New  York  Insurance  Superintendent 
of  certain  kinds  of  stocks  or  bonds;  and  thereupon  the  State  Depart- 
ment, though  not  admitting  any  claim  beyond  the  funds  in  its  hands, 
undertook  to  issue  for  the  Offices,  acting  in  this  manner,  policies  to 
any  amount  which  wotdd  make  the  liability  under  these  contracts, 
when  calculated  by  the  legal  tables,  not  greater  than  the  deposit.  In 
fact,  tlie  law  seemed  to  be  of  much  the  same  nature  as  that  regulation 
in  this  country,  which,  till  lately,  gave  the  herring  curer  the  benefit 
of  the  Government  brand.     This  Insurance  Act  allowed  the  Com- 
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panies  the  option  of  taking  any  number  of  these  policies  they  chose 
to  deposit  funds  for;  but  last  year,  New  York  State  passed  another 
measure  compelling  Life  Companies,  which  had  taken  out  any 
registered  policies,  to  convert  aU  their  policies  into  registered  ones, — 
thus  lodging  funds  equal  to  their  total  liabilities,  according  to  the 
Government  tables.  To  the  Offices  alOfected  by  this  law — and  we 
think  it  will  latterly  be  found  impossible  for  any  Society  transact- 
ing business  there  to  escape  its  meshes — ^ihere  will  be  very  little 
freedom  of  action  left.  In  fact,  the  measiire  is  practically  the  same 
as  the  second  proposition  condemned  in  our  paper.  Here,  as  in 
Massachusetts,  where  also  a  reserve,  fixed  by  official  tables,  is  com- 
pelled to  be  maintained,  we  hold  there  is  over-legislation.  The 
former  regulations  of  New  York  State,  we  think,  are  much  to  be 
preferred. 

The  remaining  most  important  features  of  this  State's  legislation 
on  the  question  are  the  prohibition  of  Life  Offices  undertaking  Fire 
or  Marine  Insurance,  and  the  comptdsory  deposit  by  Companies 
commencing  business  there  of  $100,000. 

We  have  now  briefly  glanced  at  what  legislation  has  done  in  the 
matter  amongst  other  peoples.  It  will  be  observed  that  almost  all 
civilized  countries  have  considered  Life  Assurance  to  be  of  so  special 
a  nature,  as  to  have  passed  laws  for  its  particular  regulation  and 
control.  That  this,  too,  has  been  done,  not  merely  by  nations 
such  as  France,  where  the  Government  is  paternal,  but  also  in 
such  communities  as  the  United  States,  where  it  is  so  very 
diflerent.  Strong  evidence,  we  think,  even  had  we  not  in  the 
"Albert"  fiill  a  more  pathetic  proof,  of  the  necessity  of  legislation 
in  the  matter. 

Appendix  B. 

As  the  whole  question  of  the  solvency  or  insolvency  of  a  Life 
Assurance  Company  turns  on  the  amount  reserved  as  the  worth 
of  the  contracts,  it  may  be  well  to  furnish  another  view  of  the 
origin  of  the  value  of  a  policy,  examining  to  what  extent  our  rules 
can  be  directly  applied  to  the  expression  for  it. 

We  shall,  on  analysis,  find  that  the  formula  is  composite  in 
character;  so,  before  regarding  it,  we  shall  take  up  one  of  its 
elements — the  premium. 

The  premium  is  the  payment,  periodical  or  otherwise,  made  by 
the  assured  in  return  for  the  obligation  undertaken  by  the  Com- 
pany.    Its  composition  may  be  set  down  as 
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where  p^  represents  the  payment  made  by  the  policy-holder,  w^ 
the  sum  that  is  considered  absolutely  necessary  to  set  aside  to  meet 
the  claim,  and  0  the  loading,  or  the  addition  made  to  this  last 
amount,  to  provide  for  expenses  of  management,  contingencies,  and 
(in  participating  policies)  to  be  the  chief  source  of  bonus.  Now, 
generally  speaking,  though  not  necessarily  so,  the  less  the  rate  of 
interest  assumed  in  calculating,  the  greater  «•,  becomes, — ^the  reason 
being,  that  if  we  have  to  pay,  say  £1,000,  thirty  years  hence,  and 
arrange  to  meet  it  by  banking  a  certain  sum  annually  till  then,  if 
the  Bank  allow  us  a  high  rate  of  interest  on  our  deposits,  the  yearly 
amount  we  should  have  to  lodge  would  be  less  than  if  the  rate  were 
low,  as  the  interest  would  help  us  more.  «■„  then,  is  usually  less 
when  the  Assurance  Company  calculates  on  receiving  4  per  cent., 
than  3  per  cent. 

Let  there,  then,  be  two  Life  Offices,  both  charging  the  assurer 
the  same  premium — the  one,  however,  assuming  for  the  future  that 
it  will  receive  4  per  cent,  on  its  investments,  while  the  other  says 
it  will  be  safer  to  consider  that  only  3  per  cent,  will  be  made. 
Then,  since  in  each  case  p,  is  the  same,  and  is  equal  to  «•,  +  € — as, 
in  the  Company  that  values  at  4  per  cent.,  *^  is  less  than  in  the 
one  that  values  at  3  per  cent. — ^,  that  is,  the  loading,  must  be 
greater  in  the  former  than  the  latter.  If,  in  place  of  taking  4 
per  cent.,  the  Office  valued  at  6  per  cent. — a  rate  impossible 
of  realization — «■,  would  tlien  be  very  small,  but  0  would  be 
correspondingly  increased.  Generally,  then,  the  higher  the  rate  of 
interest  used  in  valuing  the  premium,  the  greater  the  loading;  and 
the  lower  the  rate,  the  less  this  margin  will  be. 

We  are  now  in  a  position  to  examine  more  particularly  into  the 
origin  of  the  value  of  a  policy. 

If  a  number  of  persons  band  themselves  together,  and  each  pay 
into  a  common  fund  the  premium  that  will  be  required  to  assure 
each,  in  say  £100,  for  that  year  only,  at  tlie  end  of  this  time  it  will 
be  found  that  the  amount  paid  in  will,  with  the  year's  interest  on 
it,  just  suffice  to  discliarge  the  death-claims.  Let  the  same  process 
be  repeated  at  the  beginning  of  next  year,  paying  in  this  time  the 
premium  that  would  be  required  to  assure  each  for  £100  at  his 
new  age;  at  the  end  of  the  year  all  the  fimds,  as  before,  will  be 
required  to  meet  the  claims  under  the  policies  lapsed  by  death. 
Let  the  same  thing  be  done  till  the  death  of  the  last  survivor, 
and  wo  sliall  find,  as  before,  that  at  the  end  of  every  year  the  funds 
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in  hand  are  just  sufficient  to  discharge  the  death-claims  arisen 
during  the  term ;  and  at  the  beginning  of  every  year  there  is  a  new 
start  made. 

This  is  the  simplest  form  an  Assurance  Company  can  take.  At 
the  end  of  every  year,  after  payment  of  the  death-claims,  there  are 
no  funds  in  hand,  and  no  one's  policy  has  any  value.  Acting  on 
this  principle,  no  Office  could  fail  to  meet  its  engagements.  The 
year's  income  is  the  utmost  sum  that  could  be  lost,  even  in 
fraudulent  cases,  and  the  elysium  of  Life  Assurance  would  be 
reached  at  <mce.  It  is  this  scheme  that  is  followed  in  what  are 
called  Yearly  Friendly  Societies,— the  only  difference  being,  that  in 
place  of  fixing  the  sum  that  will  be  paid  the  representative  of  any 
member,  should  death  occur,  they  fix  the  contribution  to  be  made 
by  each,  and  leave  the  other  to  be  settled  by  the  experienced  rates 
of  mortality  and  interest,  and  thus  get  rid  of  actuarial  help 
altogether.  We  may  remark,  in  passing,  that  we  consider  this  the 
only  kind  of  Friendly  Society  that  artizans  can  safely  attempt  to 
conduct,  unless  they  have  occasional  professional  assistance. 

Were  it  not  for  one  thing,  it  would  not  be  necessary,  in  either  the 
Yearly  Friendly  Society  or  our  imaginary  Assurance  Company,  to 
have  a  fresh  medical  examination  every  time  the  new  premium  was 
paid.  If  no  one  left  the  Institution  in  any  other  way  than  by 
death,  the  claims  would  come  in  year  after  year  precisely  in  accord- 
ance with  our  mortality  table,  even  though,  when  the  new  contracts 
were  entered  into  on  account  of  certain  members,  they  were  at  that 
moment  on  their  death-beds.  Unfortunately,  however,  death  is  not 
the  only  way  in  which  members  retire  from  Insurance  Companies. 
They  may  drop  their  policies ;  and  those  who  feel  that  they  enjoy 
more  than  average  health  will  do  so,  on  much  slighter  occasion  than 
those  who  doubt  if  they  could  again  come  safely  through  the  ordeal 
of  the  medical  examination  they  passed  on  first  entering  the 
Society.  This  result  must  then  be  guarded  against  by  the  Office. 
Were  it  not  to  do  so,  it  would  be  left  latterly  with  a  pool  of 
Bethesda-like  collection  of  sick,  and  all  manner  of  diseased. 

This  fear  is  neither  imaginary  nor  exaggerated.  At  the  present 
moment,  in  spite  of  all  the  advantages  of  medical  examination  in 
every  fresh  contract  entered  into,  there  are  certain  very  significant 
facts  in  connection  with  assured  life,  that  prove  the  effect  of  what 
may  be  called  the  selection  of  the  public  against  the  Life  Offices. 
All  researches  have  shewn  that,  in  classes  where  a  small  immediate 
payment  has  been  made  for  a  given  benefit,  the  death-rate  is  higher 
than  in  those  where  a  high  premium  is  paid.     Thus^  tli!^  \siQt^»!^^ 
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'm  xh^/nfc  Mnreid  for  u  'iljZi-rM  xinut^  In  fid^c^n.  Tin-  zr&kZfer  the  pre- 
ibiTszxi  imifi  f<jr  a  £x^  t«Ti«£t.  iht  i«s  tLe  d«aslii-rs8ie-,  ajkd  tioe 
t>fr«dL  TLe  rerkMXju  of  orjsne.  bedzi^  UJi&  ft  fiesrstL^n  vbo  ftieU  tlus  he 
u  ZifA  in  robufft  ImaJii^  tiioia^iii  qTslvt  exri'Hg  i:ii<.<izt  to  f«fis  the 

ihsA  am  }ms  pat  u>  Link,  vil]  cL{>ui«  ihax  kizi-i  af  i-olicx  vhich  vill 
g]v«:  him  the  rum-rirnTim  bqui  ftfisiired  for  the  nnrrimnm  immediate 

Tk«r  selection,  then,  of  the  public  asaizLSt  ihe  Offices  is  a  most 
importaiit  matter,  and  one  too  lin3e  understood  br  the  communitj. 
Not  long  since,  ve  saw  in  a  psper.  professing  to  be  a  guide  to  the 
fitiancier,  a  denunciation  of  Assurance  Companies,  as  mailHTig 
immeniie  pr^/fitJi  br  selling  at  mortalitj  rates,  in  most  instances 
taken  fr^im  those  of  the  general  population.  vhi]e  they  oirefallj 
nt;]ficthd  their  lives:  and  an  appeal  was  made  to  the  Companies  to 
diiif^rise  with  medical  examinations.  What  a  lazar-house  and 
refuge  for  incurables  an  Assurance  Office  would  become  were  iAat 
ad  vice  fo]  ]  o  wed ! 

It  would,  then,  in  our  imaginary  Company,  be  necessary,  at 
the  time  of  niaking  every  new  contract,  to  reject  those  whose 
lives  luul  l>ecr>me  uninsurable  during  the  year.  This  would  be 
strikiiiff  at  the  verv  nx^t  of  Life  Insurance.  It  would  fail  those 
who  truKt'.'^l  in  it  at  the  time  they  most  needed  its  aid;  as,  in 
a  larg^  iiuriiU;r  of  caseH,  nature  would  protract  the  struggle  long 
enough  to  ]ia»s  the  fatal  moment  when  the  contract  with  the  In- 
Htltution  expired,  and  could  not  be  renewed. 

Tliis  objection  alone  would  be  final;  but,  though  the  greatest,  it  is 
not  tho  only  one.  As  age  drew  on,  the  premiums  by  the  yearly 
niethrjd  would  gnulually  increase,  till,  when  they  approximated 
to  the;  Huui  assured,  they  would  become  intolerably  large.  For 
thfrsc;  ream>iiH,  among  otliers,  the  plan  of  paying  year  after  year 
the  value  of  the  current  risk  is  unadvisable  in  practice,  and  it  is  to 
obviate  these  objections  that  the  ordinary  principle  of  paying  by  an 
equal  annual  premium  was  introduced. 

It  is  obvious  that  in  doing  so,  a  greater  payment  will  be  made 
at  fin  try  tlian  is  required  to  meet  the  immediate  charge.  The 
diHi)renc(;  bctwettn  tliis  current  risk  and  the  average  rate  paid  is 
thn  value  of  the  policy.  Year  after  year,  in  consequence  of  the 
ridw  paymentH  of  premium  made  by  the  policy-holder,  and  the 
fitrruiiiulation   at  interest  and   mortality   rates  of  the   previously 
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received  sums  in  excess,  the  value  of  his  policy  will  increase,  or, 
in  other  words,  the  reserve  the  Office  has  to  make  on  his  account 
will  become  greater. 

By  applying  the  foregoing  principles,  a  formula  for  the  value 
of  a  policy  may  be  found.  This  view  of  the  expression  is  commonly 
called  retrospective,  because  it  deals  with  the  results  of  past  pay- 
ments made,  in  contradistinction  to  that  taken  in  the  text,  which 
looks  to  the  results  of  the  futv/re.  By  either  method  the  resulting 
formula  is  of  course  the  same. 

Putting  it  in  the  form  of  an  algebraic  expression, — ^if  x  be  the  age 
at  entry,  and  it  be  now  n  years  from  that  date,  the  value  of  the 
life  policy,  or  V^^  |  ^,  by  either  method,  will  be 

Where  A,  ^^  represents  the  sum  that  now  invested  would  meet 
the  claim  when  it  became  payable,  p,  is  the  premium  paid,  and 
®x+«  is  the  present  value  of  an  annuity  of  £1,  payable  from  now  till 
death.  (Of  course,  a  premium  is  just  the  same  as  an  annuity,  paid 
at  the  beginning  of  each  year  by  the  policy-holder.) 

It  will  be  remembered  we  previously  gave  pj^  as  equal  to  «*,  +  ^. 
Substituting  this,  we  have 

Dk.  Cr. 

V,|„-A,+„-(T,  +  (p)(l+a,  +  „);  or 

Liability.  Assets. 

We  put  Dr.  and  Cr.,  or  Liability  and  Assets,  over  different 
items  of  this,  as  the  A;,^^  is  the  present  worth  of  the  sum  the 
Company  will  have  to  pay,  and  is  consequently  a  liability,  while 
«-j,  (1  +a,^^)  is  a  sum  due  to  it  by  the  assurer,  and  is  consequently 
an  asset. 

Now,  we  saw  that  4f  represented  the  loading,  or  addition  made  to 
the  nett  or  pure  premium;  then  ^  (1  +  a,^.„)  will  be  the  total  value 
of  all  future  payments  of  this  loading;  in  other  words,  the  worth  at 
the  date  of  examination  of  the  whole  sum  tliat  is  required  to  pay 
future  working  expenses,  to  provide  against  future  contingencies, 
and  to  be  the  main  source  of  future  profits.  Should,  then,  the 
Company  consider  this  also  a  present  asset,  and  without  making  any 
corresponding  addition  to  the  debit  side,  take  credit  for  this  amount, 
the  foregoing  formula  will  be  the  one  employed  in  valuation ;  and 
the  first  of  our  rules  will  be  completely  disregarded. 
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If  the  loading  be  reserved  intact,  the  formula  used  in  valuing 

will  become 

Dr.  Cr. 

-^z  +  «-'x(l +»*  +  «); 
or,  what  is  the  same  thing, 

Dr.  Cr. 

The  second  principle  insisted  on  was,  that  the  rate  of  interest 
employed  in  calculating  the  values  of  the  policies  be  not  greater 
than  that  certain  of  being  realized. 

When  we  apply  the  rate  of  interest  to  our  formula, — 

Dr.  Cr. 

we  find  that  the  less  the  interest,  the  greater  A,^.„  will  be ;  but, 
unfortunately,  the  greater  also  a,^n>  ^nd  generally  also  »^  so 
that,  as  both  terms  of  the  expression  increase  together,  it  does  not 
appear  necessarily  true  that  the  less  the  rate  of  interest  assumed, 
the  greater  the  value  of  the  policy  will  be.  Notwithstanding,  it 
may  be  safely  predicated  that  a  valuation  at  4  per  cent,  will 
always,  in  practice,  give  a  less  liability  than  one  at  3  per  cent., 
— and,  therefore,  the  latter  is  so  far  the  more  prudent  of  the  two  ; 
we  say  "  so  fer,"  because,  recurring  to  the  formula, — 

we  saw  that  if  the  interest  rates  be  4  per  cent,  and  3  per  cent, 
respectively,  in  two  Companies;  at  4  per  cent.,  A,^„  -  «•,  (1  +  «,-»-«) 
will  be  less  than  at  3  per  cent.;  but  then  0,  and,  consequently, 
^  (1  +  ctx+n) — or  *t®  loading  reserved — ^will  be  greater  in  the  4  per 
cent.  rate.  This  will  somewhat  compensate  for  the  greater  rate 
being  chosen. 

In  talking  hitherto  of  valuations  by  3  per  cent,  or  4  per  cent. 
interest,  we  have  assumed  that  every  element  of  the  formula  is 
taken  at  the  same  rate.  This,  however,  is  not  necessarily  the  case, 
and  the  problem  sometimes  appears  in  the  more  complicated  form 
in  which,  for  a  certain  part  of  the  expression,  one  rate  is  chosen, 
and  for  another  part  a  diiferent  rate.     Thus,  it  might  be, — 

Dr.  Cr. 
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In  this  case  the  candle  is  burnt  at  both  ends;  for,  besides  reduc- 
ing the  Dr.  side  by  using  a  4  per  cent,  interest  rate,  we  at  the 
same  time  increase  the  Cr.  portion  by  taking  the  large  3  per  cent, 
premium,  instead  of  the  smaller  4  per  cent.  one. 

We  do  not,  however,  mean  to  assert  that  a  composite  method  of 
valuation  is  always  unsafe.  That  depends  on  the  elements  intro- 
duced. Whatever  these  may  be,  the  principle  laid  down  in  the  text 
will  meet  all  the  requirements  of  solvency. 

The  third  principle  referred  to  the  deaths  experienced  as  com- 
pared with  those  anticipated.  Here,  too,  the  formula  yields  us  no 
assistance,  as  a  table  shewing  a  heavy  mortality  does  not  necessarily 
give  a  higher  value  for  a  policy  provided  for  by  periodical  premiums 
than  one  shewing  a  lighter  rate.  It  depends  rather  on  the  inclina- 
tion of  the  death-rates  to  each  other  at  the  times  of  entry  and 
examination.  The  rule  will,  however,  guard  against  the  effects  of 
bad  or  no  selection,  as  the  case  may  be ;  and  is,  like  the  remaining 
element  of  safety,  the  worth  of  assets,  more  of  a  practical  than 
theoretical  nature. 

These  four  things  we  consider,  then,  to  lie  at  the  root  of  the 
question  of  Life  Assurance  Companies'  security.  It  is  to  them  that 
legislation  should  be  mainly  directed ;  and  should  any  Government 
actuary  be  appointed  to  carry  out  the  decree  of  Imperial  Parlia- 
ment in  the  matter,  it  is  the  state  of  every  Office  on  these  points  he 
will  more  particularly  scrutinize  and  watch. 


III. — On  Defects  of  House  Construction  in  Glasgow  as  a  Cause  of  Mor- 
tality, By  Dr.  W.  T.  Gairdner,  Professor  of  Practice  of  Physic 
in  the  University  of  Glasgow,  and  Health  Officer  of  the  City. 


Read  before  the  Society,  February  9,  1870. 


Dr.  Gairdner,  at  the  outset  of  his  remarks,  said,  that  all  he  had 
undertaken  to  do  was,  not  to  read  what  was  generally  known  as  a 
paper,  but  merely  to  make  a  statement  which  would  form  the  basis 
of  a  discussion  on  sanitary  subjects.  Anything  more  elaborate  he 
could  not  take  upon  himself  to  lay  before  the  Society,  at  a  period 
of  the  year  when  he  was  overwhelmed  with  other  work.  He  then 
said: — 
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I  beg  to  proceed  to  make  some  remarks  upon  defects  of  house 
construction,  as  they  occur  in  Glasgow.  We  are  all  aware  there 
has  been  a  great  deal  of  public  attention  bestowed  upon  this  subject 
of  late ;  and  therefore  it  has  occurred  to  me  that,  with  the  number 
of  practical  and  at  the  same  time  scientific  men  who  form  this 
Society,  it  might  be  useful  to  put  before  you  a  statement  or  an 
argument  tending  to  bring  the  question  of  house  acoommodatioii 
back,  as  it  were,  to  its  first  principles, — ^to  shew  what  is,  and  what 
is  not,  the  central  idea  of  a  house,  and  how  that  central  idea  of  a 
house  has  been  in  times  past,  and  possibly  is  even  now,  violated 
in  this  great  city  of  ours.  I  shall  not  make  my  remarks  in  the 
slightest  degree  personal.  I  have  no  wish,  indeed,  to  bear  hard 
upon  anybody.  I  am  quite  aware  that  the  fiaiults  that  exist  are 
fitults  which  have  been  in  great  part  transmitted  down  to  us  from 
our  ancestors,  and  that  the  cure  of  them  will  be  a  matter  of  time, 
and  will  require  a  great  amount  of  public  energy  and  public  thought. 
I  think  that  hitherto  there  has  not  been,  perhaps,  a  sufficiently 
widely  drawn  attention  either  to  the  extent  of  the  evil  or  to  the 
measures  that  are  regarded  as  remedial  measures.  And  speaking 
as  the  organ,  as  one  may  say,  of  the  medical  opinion,  in  so  &r  as 
it  has  been  called  to  it  officially,  I  may  say  our  difficulty  has  been 
all  along  the  fear  that  our  own  position  is  not  sufficiently  secure, — 
the  fear  and  the  certainty,  indeed,  that  we  could  not  propose, 
with  any  chance  of  carrying  public  opinion  with  us,  measures 
of  the  extremely  strong  and  radical  order  that  are  absolutely 
necessary  to  cope  with  the  immense  evils  we  have  to  deal  with. 
Till  we  have  jmblic  opinion  with  us — and  this  is  not  only  having 
the  arm  of  the  law,  as  represented  by  the  authorities,  with  us,  but 
the  large  concurring  force  of  public  opinion — till  then,  I  believe, 
we  shall  be  too  weak  to  cope  successfully  with  the  evil ;  but  I  am 
not  without  hopes,  from  the  great  attention  bestowed  on  the  sub- 
ject by  newspaper  editors  and  commissioners,  by  deputations  from 
the  Corporation  to  English  towns,  and  from  the  various  ways  in 
which  the  attention  of  the  public  has  been  called  to  it — in  a  manner 
it  never  has  been  before — ^that  the  principles  that  lie  at  the  bottom 
of  the  whole  matter  will  now  obtain  a  degree  of  consideration  they 
have  never  hitherto  had.  Now,  it  is  difficult  to  know  where  to 
begin, — the  evils  in  our  great  towns  are  so  many,  the  bearings  of 
those  evils  are  so  intricate,  the  interweaving  of  the  physical  with 
the  moral  is  so  extremely  complex.  But  perhaps  we  may  begin  at 
the  fact  of  overcrowding, — a  primary  fact,  one  recognized  in  every 
investigation  into  the  state  of  gi*eat  towns,  frx>m  the  time  of  the  first 
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inquiry  by  Lord  Shaftesbury,  then  Lord  Ashley,  and  Mr.  Chadwick, 
about  1832  and  1834,  down  to  the  present  time.  We  may  take  it 
as  admitted  that  overcrowding  is  perhaps  the  greatest  cause  of 
disease  in  our  great  towns,  and  that  it  is  also  very  intimately  con- 
nected, in  some  way  or  other,  with  the  social  degradation  and  misery 
of  a  very  large  portion  of  our  working  classes.  I  will  go  further, 
and  will  say,  that  this  state  of  matters  is  found  in  a  very  special 
degree  in  this  country;  whether  from  our  insular  position,  neces- 
sarily, as  it  were,  hemming  in  the  population  by  the  sea,  or  from 
the  great  tendency  to  an  increase  of  the  population,  which  is 
peculiarly  characteristic  of  the  English,  Scotch,  and  Irish  people — 
whether  from  either  or  from  both  of  those  causes  combined,  over- 
crowding is  an  evil  of  a  character  and  dimensions  in  this  country 
that  it  is  in  no  other  country,  I  believe,  in  Europe ;  and  the  great 
question  that  arises  is.  How  far  is  overcrowding  the  cause  and  the 
effect  of  the  evils  referred  to  ] 

It  may  seem  paradoxical,  but,  nevertheless,  I  believe  it  is  perfectly 
true,  to  say  that  overcrowding  is  both  the  cause  and  effect  of  a  large 
number  of  those  evils.  It  is,  in  the  first  instance,  the  cause,  because 
populations  come  from  remote  parts  of  the  country,  with  perhaps 
very  imperfect  ideas  of  domestic  comfort,  and  with  a  tendency,  there- 
fore, to  overcrowding,  and  are  subject  to  inducements  to  overcrowding 
which  are  greater  than  those  existing  in  the  country.  But  the  evil 
does  not  stop  with  the  first  generation,  because  the  second  genera- 
tion is  brought  up  under  a  set  of  mental  and  moral  impressions,  and 
under  a  set  of  physical  insensibilities,  so  to  speak,  which  tend  to 
make  overcrowding  a  worse  evil  in  the  second  generation  than  in 
the  first.  Whatever  the  original  cause  of  these  and  other  bad 
habits,  you  may  take  it  for  granted  that  they  tend  to  impress 
themselves  indelibly,  after  a  time,  on  the  whole  nature,  moral 
and  physical,  of  entire  generations  of  men.  It  may  be  said,  with- 
out the  slightest  exaggeration,  that  there  are  scores  of  thousands 
of  persons  in  this  great  city,  who  have  been  so  brought  up  that 
they  literally  do  not  know,  and  literally  cannot  feel,  the  value  of 
house-room — of  more  space  in  the  house  in  which  they  dwell ;  and 
they  cannot  even  rise  to  the  idea  of  the  most  limited  kind  of  domestic 
comfort.  •  Nay,  more;  it  is  the  case  that  they  literally  prefer  dis- 
comfort— absolutely  prefer  overcrowding;  they  regard  it  in  the 
light  of  a  positive  inconvenience  to  have  more  than  one  room  for  the 
fajmljf  because,  they  say,  "  What  is  the  use  of  other  two  or  three 
rooms?  you  would  simply  have  your  neighbours  coming  and  soming 
upon  you."    It  would  simply  be  an  inducement  to  the  l^«s^  ^^\k.- 
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housed  to  come  in  and  eat  up  their  familj  resources.  Now,  many 
evils  result  from  this  state  of  things;  but  I  shall  only  mention 
four  of  the  consequences  of  living  in  that  condition  of  overcrowding 
and  domestic  discomfort.  The  first  consequence  is  enormous  liability 
to  epidemic  disease;  and  not  enly  to  epidemic  disease,  but  to  con- 
sumptive disease,  and  various  diseases  of  the  lungs;  and,  further,  a 
literally  enormous  rate  of  mortality  in  young  children  in  particular, 
partly,  of  course,  from  epidemic  disease,  but  partly  also  from  a  great 
number  of  other  diseases,  especially  nervous  diseases,  convulsions, 
hydrocephalus,  tubercular  diseases  of  the  abdomen,  and  various 
other  kinds  of  disease  which  we  know  to  be  destructive  of  in£sintile 
life.  The  second  consequence  is,  that,  from  living  in  this  state  of 
habitual  overcrowding,  the  sense  of  decency  is  injured  inevitably, 
and  ultimately  it  is  lost  altogether.  The  third  consequence  is,  that 
almost  inevitably  a  craving  for  alcoholic  stimulants  is  generated ;  in 
many  cases  due,  not  merely  to  bad  habits,  not  merely  to  bad 
examples,  and  not  merely  to  the  neighbourhood  of  spirit  shops,  but 
due  to  the  want  of  what  we  may  call  natural  stimulants,  which  go 
with  us  all  to  make  up  the  idea  of  domestic  comforts.  Of  course,  I 
do  not  mean  that  there  may  not  be  persons  who,  by  dint  of  superior 
virtue,  are  able  to  preserve  themselves  almost  under  any  circum- 
stances from  these  evils.  It  is  the  internal  discomfort,  it  is  the 
dreadful  want  of  fresh  air  and  of  anything  to  relieve  the  monotony 
and  dulness  of  life  at  home,  that  drives  many  to  the  public-house. 
Instead  of  regarding  the  public-house  as  the  creator  of  the  evil  in 
the  full  sense,  as  some  of  our  more  extreme  teetotalers  do,  I  think 
the  public-house  arises  where  the  demand  exists,  and  where  there 
are  none  of  those  natural  stimulants  which  help  to  make  home  a 
desirable  residence.  The  fourth  consequence  of  this  state  of  over- 
crowding, in  badly-constructed  houses,  is,  a  great  degree  of  moral 
degradation  and  of  religious  apathy.  How  should  it  be  otherwise t 
How  is  it  possible  for  the  most  elementary  ideas  of  morals  to  be 
kept  up,  where  husband  and  wife,  and  over  so  many  children  of 
diiferent  sexes,  or  where  husband  and  wife,  one  or  two  young 
women,  and  a  male  lodger,  sleei)  in  the  same  apartment?  How  is  it 
possible  that  the  ministrations  of  the  minister  of  religion  can  be  in 
any  way  effective  in  these  circumstances?  How  is  it  possible  that 
the  highest  and  most  refined  transcendental  idea,  as  it  were,  of 
human  nature,  should  gain  access  to  homes  of  the  kind  that  I  have 
now  described?  The  thing  is  simply  impossible.  We  therefore  put 
down  moral  degradation  and  religious  apathy  as  among  the  ultimate 
consequences  of  this  evil.     Now,  I  anticipate  at  this  point  a  certain 


Dr.  Gairdner  on  Defects  of  House  Construction  in  Glasgow.  249 

objection  to  the  views  I  am  going  to  present.    It  will  be  said,  **  You 
have  spoken  of  this  as  an  evil  of  great  towns ;  but  has  it  not  been 
proved  over  and  over  again,  in  the  reports  of  the  Sanitary  Commis- 
sioners, that  overcrowding  is  just  as  great  and  as  rife  in  the  most 
remote  country  districts  as  it  is  in  the  great  towns?     Is  it  not 
proved  that  the  inhabitants  of  an  Irish  cabin  in  Galway,  and  of  a 
Highland    shieling   in  Lewis,  are  just   as   overcrowded,  just  as 
physically  dirty,  and  their  inhabitants  physically  living  upon  as 
low  a  scale  of  comfort,  as  the  lower  classes  in  great  towns  like 
Glasgow  ? "     But,  on  the  other  hand,  it  may  be  said  "  that  over- 
crowding is  always  and  everywhere  an  evil."     It  is  not  in  the 
same  sense  or  degree  an  evil  in  the  isolated  hut  or  row  of  cottages 
as    it   is   in   the   tenement   of   houses  in    a  great   city :    for  in 
the  great  city  there  are   several  conditions  that  do  not  exist  in 
the  isolated  hut  or  shieling,  let  them  be  ever  so  overcrowded — 
let  the  physical  outside  of  them  be  ever  so  poor,  and  the  interior 
ever  so  squalid.     In  tliQ  first  place,  in  the  town  there  is  the  over- 
crowding of  the  ground  as  well  as  of  the  room.     There  is  not  merely 
the  overcrowding  of  human  beings  in  the  room  or  house,  but  there 
is  the  overcrowding  to  an  enormous  extent  of  the  number  of  rooms 
and  houses  upon  a  given  space  of  ground.    The  consequence  of  this  is, 
that  there  is  literally  no  possibility  of  wholesome  occupation,  exercise, 
and  amusement  out-of-doors,  in  the  neighbourhood  of  the  homes. 
As  to  the  most  squalid  Highland  hut,  there  is  the  hill-side  to  go  to; 
there  is  the  neighbouring  bum  to  carry  away  impurities;  there  is 
the  grass  meadow,  the  river  side,  the  trout  to  catch  in  the  bum  for 
the  children,  and  every  sort  of  outdoor  recreation,  in  the  midst  of 
fresh  air.     In  the  town  there  is  nothing  of  the  kind.     The  evil  of 
overcrowding  in  the  town,  as  regards  facilities  for  recreation  out-of- 
doors,  is  therefore  enormously  greater  than  it  is  in  the  country. 
Secondly^  there  is  not  merely  overcrowding  of  the  ground  space 
with  houses  and  with  tenements,  but  there  is  overcrowding  of  the 
tenements  with  rooms,  and  of  the  rooms  with  persons.     As  there 
can  be  no  true  occupation,  amusement,  and  healthful  recreation  out- 
of-doors,  so  there  can  be  no  time,  day  or  night,  when  the  family  is 
safe  from  invasion,  and  when  the  instincts  of  home  can  possibly  be 
cultivated,  in  the  middle  of  those  great  collections  of  human  beings, 
in  tenements  crowded  upon  a  small  space  of  ground.     In  both  these 
particulars  our  cities,   and   especially  our  Scotch  cities — perhaps 
Glasgow  above  all  other  cities — have  erred  in  permitting  such  con- 
structions as  make  it  simply  impossible  to  preserve  the  domestic 
habits;  and  this  has  been  going  on  increasing  in  amoxm^^^om  1^^^ 
Vox.  YlL^No.  2.  8 
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to  year,  for  at  least  several  generations.  It  is  true  that  the  habits 
of  the  immigrants  into  our  great  towns  are  often  aboriginally  bad, 
especially  where,  as  in  the  case  of  Glasgow,  many  of  them  come 
from  Highland  shielings  and  from  Irish  cabins.  But  then  the 
effect  of  these  bad  habits  is  intensified,  and  in  most  cases  bad  habits 
are  meanwhile  created,  by  the  transference  of  these  rural  aborigines 
to  the  town  habitations.  Hence,  from  gonei-ation  to  generation,  a 
progressive  deterioration,  and  finally  an  almost  total  loss,  of  the 
instincts  of  the  fetmily. 

Now,  it  is  at  this  point  that  I  approach,  as  it  were,  the  theme 

of  the  present  discourse.     What  I  want  to  prove  to  you  is,  that, 

to  a  great  extent,  it  is  the  house  that  makes,  and  the  house  that 

mars,  the  individual  and  social  man, — not  to  say  for  a  moment  that 

individual  character  has  not  a  great  deal  to  do  in  the  matter, — ^not 

to  say  that  the  pure-minded,  noble-minded  man,  with  heroism  in 

the  blood  and  bone  of  him,  with  physical  instincts  of  the  most 

exalted  kind,  will  not  preserve  himself  pure  from  contamination 

in  the  midst  of  all  these  evils.     But,  speaking  of  the  average  of 

men,  I  hold  that  such  as  is  the  house,  such  will  be  the  man.     If 

you  persistently  keep  up  dwelling-houses  that  are  inconsistent  on  a 

large  scale  with  domestic  comfort,  you  not  only  allow  to  grow  up 

in  these  houses,  but  to  squat  in  them,  generations  of  men  whose 

ideas  of  domestic  comfort  will  go   on   deteriorating  every  year. 

Consider  how  much  is  implied  in  what  I  have  called  '^  the  domestic 

instincts."     How  many  of  the  noblest  virtues  are  embraced  in  that 

category !     Is  home  not  for  every  one  of  us  the  real  school  of  all 

the  virtues?     Is  it  not  true  that  home,  and  everything  that  grows 

round   the   home,   is  the  real   God-appointed    school    for  virtue, 

religion,  everything  that  raises  humanity  above  the  beasts)    Well, 

then,  you  cannot  consider  a  house  as  a  mere  mass  of  stone  and  lime. 

You  cannot  consider  it  as  just  four  walls.     Tou  must  consider  it  in 

the  light  of  a  home  to  bring  up  a  family  in.     If  you  establish  in 

your  cities  dens  (I  have  called  them  over  and  over  again  *' fever 

dens,"  but  let  us  say,  in  the  meantime,  dens)  that  are  not  fit  for  the 

dwellings  of  men,  you  may  depend  upon  it  that  the  inhabitants 

will  grow  up  with  the  habits  of  wild  beasts.     I  assert,  without  fear 

of  contradiction  from  anybody  who  knows  the  state  of  the  case, 

that  in  most  parts  of  Glasgow,  and  of  other  great  cities  in  Scotland, 

a  healthy  and  well-trained  family  is  not  even  a  possible  thing,  from 

the  overcrowding  of  the  ground  on  the  one  hand,  and  of  the  houses 

and  tenements  on  the  other.     These   evils  are  constantly  being 

aggravated  by  the  pressure  of  the  rural  population  towards  and 
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into  the  great  towns,  whereby  larger  and  larger  proportions  of  the 
population  of  the  whole  cjountry  are  exposed  to  the  deteriorating 
influences  of  homes  in  which  it  will  be  literally  impossible  to  pre- 
serve even  the  traditions  of  healthy  fieimily  life.  Hence  the  rising 
death-rate,  the  increase  of  epidemic  sickness,  and  deteriorating 
morals  with  respect  specially  to  drunkenness,  and  of  sexual  im- 
morality among  the  lowest  classes  in  our  great  towns,  at  the  very 
time — observe,  I  speak  of  the  last  fifty  years — when  the  upper  and 
middle  dtasses  have  everywhere  improved  in  their  habits,  and  are 
less  subject  to  the  causes  of  mortality  than  they  were  half  a  century 
ago. 

Here,  then,  is  the  problem  you  have  to  solve.  When  our  middle 
and  upper  classes  are  rising  in  the  scale,  our  lower  classes  are  going 
down,  and  down,  and  down,  and  a  larger  number  every  year  is 
pressing  into  our  towns,  to  become  part  of  the  enormous  mass  of 
degraded  humanity.  Now,  studying  this  subject  from  the  simple 
point  of  view  of  sanitary  reform,  and  dismissing  for  the  time  moral 
and  religious  considerations  altogether — ^although  I  hold  that  the  two 
cannot  be  separated — let  us  try  to  discover  what  is  the  minimum 
of  house  accommodation  consistent  with  health,  and,  if  you  will, 
moral  health;  but  moral  health,  not  in  respect  to  sin  and  crime, 
but  merely  in  respect  of  the  cultivation  of  the  common  instincts  of 
humanity.  I  have  discovered  this  minimum,  by  asking  what  is 
the  minimum  of  requirements  which  can  be  reconciled  with  the 
healthy  development  of  the  individual  family.  I  take  the  family 
as  the  unit  of  society.  If  you  can  render  your  houses  such  as  will 
conduce  to  the  healthy  development  of  one  family,  you  may  depend 
upon  it  that  society  at  large  will  not  deteriorate;  but  if,  on  the 
other  hand,  you  cannot  do  that,  society  must  inevitably  deteriorate. 
It  is  not  too  much  to  affirm  that  the  following  eight  points  are 
essentials  in  a  house.  The  first  is  adequate  cubic  space  in  the 
apartment;  by  that,  meaning,  of  course,  the  sleeping  apartment. 
This  was  intended  to  be  secured  under  the  Glasgow  Police  Act;  but 
every  one  knows  it  has  been  very  imperfectly  secured  by  the  legal 
minimum  of  300  cubic  feet  for  every  adult  and  every  person  above 
eight  years  in  the  fiunily,  and  150  cubic  feet  for  every  person  below 
eight  years.  The  minimum  allowance  of  cubic  feet  is  far  too  small 
for  a  healthy  existence ;  but  it  was  so  put  into  the  Police  Act — and 
I  do  not  say  unwisely — under  the  impression  that  any  higher 
requisition  than  this  would  simply  be  more  likely  to  be  disregarded. 
Even  this  limited  allowance,  however,  is  not  properly  enforced, 
partly  owing  to  legal  difficultieB,  and  partly  to  the  tendemoea  o*! 
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individual  magistrates,  who  have  felt,  not  unnaturally,  when  poor 
wretches  were  brought  up  to  be  fined  for  living  in  overcrowded 
houses,  and  pleaded  in  extenuation  that  they  could  not  afford  to  get 
more  house-room,  reluctant  to  inflict  a  fine  under  such  circum- 
stances; yet  the  fining  of  the  occupier  has  hitherto  been  considered 
the  only  way  to  meet  the  evil.  Now,  I  think,  this  is  beginning  at 
the  wrong  end.  The  conviction  has  been  growing  in  my  mind  from 
year  to  year,  that  the  only  way  to  prevent  overcrowding  is  to  throw 
the  legal  responsibility  for  it  on  the  owners,  and  not  on  the  occupier. 
It  is  the  factor  visiting  the  property  from  week  to  week,  uplifting 
the  rents,  who  can,  if  he  pleases,  prevent  overcrowding.  He  knows 
perfectly  well  the  class  of  people  that  crowd  into  these  houses,  and 
he  can,  with  comparatively  little  hardship,  make  them  feel  it  to  be 
an  essential  requisite  that  they  shall  not  continue  the  practice  of 
overcrowding.  I  believe  that  the  powers  of  the  law  would  throw 
this  responsibility  upon  owners  and  factors;  but  our  Prociu^tor- 
Fiscal  doubts  it.  If,  then,  the  powers  of  the  law  won't  do  it,  let  us 
get  new  powers,  and  devolve  the  responsibOity  upon  the  owners. 

The  second  essential  is  the  means  of  separation  and  privacy  for 
the  sexes  within  the  houses.      The  first  question  that  arises  is, 
Whether  separation  and  privacy  for  the  sexes  are  possible  under 
the  condition  of  single  apartment  occupancies?    That  is  a  momentous 
question  in  Glasgow.     I  am  not  in  a  position  to  state  positively — 
the  next  census  will  perhaps  inform  us — what  is  the  number  of 
single  apartment  occupancies  in  the  city ;  but,  from  all  I  know,  or 
have  been  able  to  discover,  from  my  assistants  and  others,  I  believe 
that  it  is  not  much  less  than  35,000.     At  all  events,  it  is  between 
30,000  and  35,000 ;  or  in  other  words,  you  may  say  that  probably 
something  like  a  third  of  the  whole  inhabitants  of  Glasgow  are 
living  at  this  rate  of  one  family  to  a  room,  and  in  some  instances 
lodgers  are  taken  in  besides.      Now,  taken  in  this  large  way,  I 
suppose  no  person  here  will  have  the  slightest  difficulty  in  answering 
the  question.  Whether  separation  and  privacy  are  compatible  with  a 
single  occupancy  ?     Certainly  not  on  a  large  scale ;  and  yet,  I  think, 
it  would   probably  prove  an  unwise  measure  to  proscribe  single 
apartment  occupancies  altogether,  because  you  must  recollect  that 
families  are  not  always  large.     A  young  man  and  his  wife  begin 
housekeeping  without  children.     They  go  on  for  a  year  or  two,  and, 
while  the  children  are  young,  there  may  be  no  violation  of  propriety 
or  domestic  comfort  in  occupying  a  single  apartment,  which  they  do 
with  much  greater  economy,  and,  if  of  prudent  and  saving  habits, 
with  a  much  greater  power  of  saving  up  money  for  the  future. 
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Then  there  is  the  case— and  it  requires  peculiar  tenderness — of  widows 
and  of  old  couples  without  children,  or  whose  children  have  passed 
away  or  gone  out  into  life.  These  are  cases  for  single  apartment 
occupancies;  and  therefore  I  should  be  very  sorry  indeed  to 
see  an  iron  rule  applied,  proscribing  single  apartment  occupancies 
altogether.  While,  however,  single  apartments  may  be  allowed  to 
a  certain  limited  extent,  it  is  perfectly  clear  that  tenements  wholly 
or  chiefly  composed  of  single  apartments  are  quite  inadmissible  in 
a  well-regulated  town,  and  ought  to  be  put  down  without  the 
slightest  remorse.  Yet,  in  Glasgow,  the  manufacture  of  single 
apartment  occupancies,  out  of  buildings  originally  constructed  for 
houses  of  two  or  three  apartments,  has  been  going  on  for  many 
years,  unchecked  by  any  process  of  law;  while  vast  numbers  of 
tenements,  originally  built  otherwise,  have  been  deliberately 
degraded,  with  a  view  to  profit,  into  warrens  of  single  apartments. 
In  very  few  instances  has  a  contrary  process  taken  place — viz.,  the 
destruction  or  removal  of  such,  to  replace  them  by  more  healthily- 
constructed  houses.  * 

The  third  essential  is  a  proper  means  of  access.  To  judge  by  the 
tenements  at  present  existing,  one  would  say  that  proper  means  of 
access  have  literally  been  considered  of  no  account  at  all  by  our 
Glasgow  builders.  The  whole  traditions  of  house  architecture  in 
Glasgow,  the  whole  ideas  of  Glasgow  builders,  seem  to  me  to  have 
been  based  on  the  principle  that  the  mode  of  access  to  rooms  was 
not  of  the  slightest  consequence,  provided  people  were  able  to 
smuggle  themselves  into  them — in  fact,  that  the  cheapest  mode,  the 
cosiest  mode,  the  darkest  mode,  and  the  dirtiest  mode,  was  abso- 
lutely to  be  preferred.  The  usual  plan  of  the  Scotch  common  stairy 
even  in  the  houses  of  the  middle  classes,  has  been  all  along  essen- 
tially bad, — a  receptacle  for  foul  air,  usually  closed  in  at  the  top,  and 
receiving  the  effluvia  from  all  the  houses  on  the  stair,  the  lobbies  of 
the  individual  houses  being  internal,  and  almost  always  unlit,  except 
from  the  rooms,  and  therefore  close,  dark,  and  stifling,  and  the 
water-closets  usually  ventilating  into,  and  being  lighted  from,  the 
common  stair.  This  is  the  plan  of  thousands  of  houses  in  Glasgow 
reputed  flsdrly  decent  and  wholesome,  but  which  are  simply  a  collec- 
tion of  sanitary  abominations,  and  ought  to  be  restrained  and  dis- 
allowed by  law  in  newly-built  houses.  But  when  the  same  principle 
of  internal  lobbies  or  corridors,  abutting  upon  or  opening  to  many 
rooms,  without  separate  ventilation  and  lighting,  is  carried  into  the 
tenement  houses  of  the  poor,  and  especially  into  houses  of  single 
apartments,  all  the  evils  -aboye  indicated,  with  the  excei^tioTL  ^i  \Xi^ 
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water-closets,  of  which  there  are  rarely  any  in  such  houses,  are 
immensely  exaggerated  in  eficct,  and  the  facilities  for  the  com  muni- 
cation  of  infectious  disease  are  correspondingly  increased.  Yet 
such  is  the  construction  of  tenement  houses.  Until  within  the  last 
two  or  three  years,  no  builder  ever  thought  of  constructing  a  tene- 
ment house  in  Glasgow  upon  any  other  plan.  The  sanitary  evils 
have  been  increased  to  the  very  utmost  in  many  cases  by  the 
accumulation  of  numbers  of  ill-ventilated  and  overcrowded  single 
apartments,  with  corridors  wholly  devoid  of  separate  lighting  and 
ventilation,  and  with  internal  closed  common  stairs,  so  that  the 
whole  tenement  is  pervaded  by  an  atmosphere  common  to  all  the 
houses,  and  literally  loaded  with  the  germs  of  disease.  This  is  the 
leading  and  all  but  universal  error  of  house  building  in  all  the 
Scotch  towns;  and  until  it  is  thoroughly  and  systematically  cor- 
rected, there  cannot  be  a  moderately  healthy  jwpulation.  I  may 
remark  that,  about  seven  years  ago,  in  a  course  of  lectures  I  deliv- 
ered in  Edinburgh  upon  public  health,  and  which  were  afterwards 
collected  into  a  volume,  now  out  of  print,  I  commented  upon  the 
fact,  that  while  in  certain  marked  instances  the  English  towns  were 
lowering  in  their  death-rate,  the  Scotch  towns  were  almost  uni- 
versally increasing  in  their  death-rate,  and  connected  that  fact  in  my 
own  mind  with  this  feature  of  Scotch  house  construction,  which  does 
not  prevail  in  England  at  all,  where  almost  invariably  a  tenement 
is  teclmically  called  the  house  of  an  individual  man,  and  there  is 
some  individual  person  responsible  for  it;  whereas  in  Scotland  no 
one  is  responsible  but  the  factor.  The  question  has  been  raised  by 
a  zealous  and  energetic  gentleman,  whether  some  good  might  not 
be  done  by  causing,  or  enforcing  by  law,  that  in  each  of  those  great 
tenement  houses  there  should  be  some  resident  tenant,  who  should 
act  as  a  kind  of  concierge  or  porter  and  preserver  of  the  peace  and 
cleanliness  of  the  whole.  The  Scotch  system  of  building  you  may 
consider  as  a  draft  from  the  Continent.  It  was  owing,  I  believe,  to 
our  greater  intercourse  with  France  that  this  system  came  in,  as 
opposed  to  the  English  one;  but  then  you  observe,  in  the  Conti- 
nental system,  the  building  always  has  its  concierge,  who  is  respon- 
sible for  the  keeping  of  the  whole;  whereas  our  Scotch  common  stair 
is  just  simply  a  mass  of  chaos  and  confusion,  with  no  one  to  keep 
order. 

The  fourth  essential  of  a  house,  in  my  opinion — keeping  in  view  a 
family  as  the  occupants  of  the  house — is  proper  lighting  and  ventila^ 
tion  of  roorus,  as  well  as  of  lobbies.  The  mere  structure  of  Scotch 
houses  leads  to  the  neglect  of  that;  and  neglect  caused  by  mere 
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structure  has  not  been  removed  by  ordinary  means  of  ventilation; 
but  in  newly-constructed  houses,  I  believe  it  is  quite  possible,  as 
has  been  done  in  London,  to  introduce  a  shaft  between  the  walls  of 
the  building  and  the  chimneys,  giving  rise  to  a  ventilating  current 
that  would  draw  off  from  the  rooms;  and  even  in  old  houses  in  the 
city  I  have  seen  considerable  improvements  effected,  consequent  on 
a  simple  expedient, — one  introduced  by  Mr.  Hoey,  feither  of  the 
secretary  of  the  section  of  Sanitary  and  Economical  Science ;  and  I 
have  no  doubt  that  even  our  old  houses  could  be  improved  by  care- 
ful and  diligent  consideration  applied  to  this  matter.  But,  besides, 
the  windows  have  often  been  too  small,  or  have  not  been  made  to 
open,  or  have  been  built  up  by  walls  interfering  with  the  circulation 
of  air.  Box-beds  or  dark  closets  have  been  used  as  sleeping  apart- 
ments, and  underground  dwellings  still  exist  which  ought  to  be 
shut  up. 

A  fifth  essential  is  adequate  privy  accommodation.  I  regard  this 
as  a  first  necessity  of  healthy  domestic  life  in  a  town.  No  habitation 
can  be  considered  admissible  in  towns  where  accommodation  of  this 
kind  is  not  provided,  so  as  to  be  easily  euscessible  to  women  and 
children,  as  well  as  to  men;  and  so  far  brought  into  connection 
with  individual  tenancies  as  to  secure  real  privacy,  as  well  as  the 
responsibility  of  individual  householders  for  cleanliness  and  the 
prevention  of  nuisance.  It  is  scarcely  necessary  to  point  out  that, 
in  this  particular,  our  Glasgow  houses,  even  of  the  respectable 
working  classes,  have  often  been  systematically  deficient;  and  in 
the  tenement  houses  of  the  lower  working  classes,  it  seems  as  if  the 
very  idea  of  privy  accommodation  had  been  deliberately  abandoned. 
We  know,  in  fact,  that  in  a  past  generation  the  midden  heap  in  the 
open  court  was  often  the  only  form  of  deposit  for  filth,  contemplated 
by  the  builders  of  houses  intended  to  lodge  hundreds  of  human 
beings;  and  in  very  many  instances  the  ground  has  been  so  occu- 
pied, and  the  structure  of  the  houses  has  been  so  complicated,  that 
neither  without  nor  within  the  house  has  it  been  found  possible  to 
supply  the  deficiency.  The  system  of  public  privies  is  no  doubt  an 
advance  on  this  absolute  want;  and  you  have  only  to  look  to  the 
reports  of  Dr.  Neill  Amot  and  Albert  Smith,  to  see  that  the  absolute 
want  of  privies  was  the  rule  thirty  or  forty  years  ago.  But  the 
system  of  public  privies  does  not  properly  supply  the  want;  indeed, 
a  public  privy  is  a  contradiction  in  terms,  and  is  quite  inconsistent 
with  a  due  regard  to  the  cultivation  of  the  domestic  habits.  I  do 
not  here  enter  on  the  disputed  questions,  how  £Ekr  water-carriage,  on 
the  one  hand,  or  other  systems  of  removal,  on  the  other,  are  the 
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prefenble  modes  of  flisposing  cif  excrement&TT  £l\h :  the  one  point 
needfril  to  be  m&iiiiaiised  at  preseitt  is.  tLiit  tLe  pHtt  should  be 
real]r  vLat  its  n&me  implies,  and  sot,  as  it  is  throughont  the  poorer 
qnarters  of  our  Scotch  towns,  a  oommon  resc^rt  of  the  men  in  all  the 
families  of  a  f^r^poioiis  tenement,  while  women  and  children  almost 
inrariablr  refuse  to  go  to  it.  But  how  this  improvement  is  ever  to 
be  accomplished,  except  bv  a  complete  change  in  the  views  <^ 
builders,  or  of  the  authorities  oontrcilling  builders,  as  to  what  are 
the  domestic  essentials  of  such  tenements.  I  confess  I  cannot  see. 
In  houses  constructed  for  the  i<tor.  we  are  in  this  dilemma :  to 
admit  the  water-closet,  or  anv  other  form  of  priw.  into  the  interior 
of  the  house,  is  simplv  to  court  the  difjfusion  of  unwholesome  gases; 
while  to  rule  in  favour  of  aocommoilation  outside  of  the  house,  is  to 
sacrifioe  the  whole  idea  of  decent  retirement,  and  make  the  privy  m 
place  for  the  deposit  of  the  miscellaneous  tilth  of  a  whole  village  of 
persons,  manv  of  whom  are  already  lost  to  all  self-respect,  and 
perfectly  careless  both  of  their  own  comfort  and  of  that  of  others. 

The  sixth  essential  of  a  house  is  an  adequate  water  supply. 
TJjnm  this  subject  I  shall  say  little,  because,  by  the  aid  of  the 
Water  Commissioners,  Glasgow  has  now  been  supplied  with  water 
almost  as  effectually  as  the  existing  nature  of  the  houses  admitu 
But  here,  too,  the  construction  of  these  tenement  houses  has  stood 
in  the  way  of  the  supply  of  water.  In  the  house  represented  by  one 
of  the  diagrams  before  you,  there  was  no  water  supply  until  quite 
lately ;  and  although  it  is  a  house  of  sixty  or  seventy  £unilies,  there 
is  no  water  except  in  the  close.  The  reason  was.  that  the  whole 
interior  of  the  lobbies  was  so  utterly  dark,  that  to  put  a  water 
supply  in  any  lobby  or  landing  would  simply  be  to  keep  the  place 
in  a  [>er[>etua]  state  of  slop  and  puddle ;  while,  on  the  other  hand,  to 
put  water  in  the  rooms,  would  bring  in  the  objectionable  principle 
of  having  water-sinks,  and  therefore  the  possibility  of  regurgitation 
of  gases  in  single  apartments  and  bed-rooms.  Hence  we  were  obliged 
to  decide  that  no  water  supply  should  go  into  that  house  of  six 
storeys  high  until  it  was  remodelled. 

The  seventh  essential  of  a  house  is  baths  and  wash-houses. 
Upon  this  ]>oint  I  shall  also  say  very  little,  because  the  propriety 
of  the  thing  is  almost  universally  recognized,  and  it  is  only  owin^ 
to  adventitious  circumstances  that  efforts  have  not  been  made  by 
authority  to  supply  the  want  hitherto.  But  it  will  require  careful 
consideration  even  now,  not  only  on  what  principle  a  public  bath  is 
to  be  managed,  but  also  on  what  principle  you  are  to  supply  wash- 
houses  to  the  inhabitants  of  these  enormous  tenement  houses.     As 
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a  rule,  these  people  do  not  like  to  go  to  public  wash-houses  at  a  dis- 
tance. They  much  prefer  to  wash  in  their  own  apartments;  and  if 
you  want  to  seduce  them  out  of  that  habit,  and  thus  give  them 
facility  for  washing  upon  a  larger  scale,  you  must  have  wash-houses 
placed  in  such  proximity  to  the  rooms,  that  one  wash-house  is 
only  used  by  a  limited  number  of  persons.  That  is  nearly  im- 
possible in  the  old  tenement  houses  of  Glasgow.  Here,  again, 
therefore,  we  find  the  same  difficulty,  the  construction  of  the 
houses  having  been  such  as  not  only  not  to  supply  the  first  wants 
of  domestic  life,  but  to  make  it  impossible,  by  any  subsequent 
attention  to  details,  to  supply  those  wanting  elements  in  anything 
like  a  reasonable  and  useful  form. 

The  eighth  and  last  particular  I  shall  touch  upon  as  essential  to 
a  house,  is  airing  and  recreation  ground.  Now,  perhaps  even  some 
persons  here  will  be  inclined  to  say,  **  Oh  !  this  is  quite  an  extrava- 
gant view  of  the  subject.  Have  we  not  good  broad  streets  1  Airing 
and  recreation  grounds  are  not  always  attached  to  the  houses  of  the 
better  classes, — why  have  them  for  the  poor  ?  This  is  an  altogether 
Utopian  idea !"  Well,  I  say,  from  the  very  fact  of  placing  this  among 
the  essentials  of  a  house,  it  will  appear  that  a  verdict  of  condemna- 
tion is  passed  upon  the  entire  system  of  multiple  occupancies  within 
vast  tenements,  such  as  exist  in  Glasgow  and  most  of  the  other 
large  towns  in  Scotland.  Yet  the  verdict  is  not  too  severe,  where 
it  can  be  proved  that  over  considerable  areas  600  to  nearly  1,000 
persons — men,  women,  and  children — live  together,  in  what  are  sup- 
posed to  be  families,  upon  a  statute  acre  of  surface.  What  kind  of 
family  life,  it  may  be  asked,  is  even  possible  under  such  circum- 
stances, where  the  children  have  literally  no  place  to  meet  each 
other,  except  in  these  dark  lobbies  of  the  houses  1  or,  if  they  go  out 
of  them,  no  place  whatever,  except  the  middle  of  the  street,  and 
this  in  parts  of  the  town  where  thousands  and  tens  of  thousands  of 
families  are  brought  together,  and  where  there  is  literally  no  street 
that  is  not  a  crowded  thoroughfare ;  where  the  houses  have  no 
back  yards,  and  where,  excepting  the  street  and  the  close,  and  the 
nasty,  stinking,  dirty  lobbies,  there  is  literally  no  place  for  children 
to  play,  or  in  which  old  people  can  take  a  little  exercise. 

Dr.  Gairdner,  after  reading  some  extracts  from  the  first  Keport 
which  he  had  published,  as  sanitary  officer,  in  1866,  pointing  out  the 
evils  to  which  ho  had  been  referring,  concluded  by  directing  atten- 
tion to  plans  which  he  had  got  prepared  in  order  to  shew  the  nature 
of  those  defects  in  house  construction  which  had  formed  the  subject 
of  his  discourse. 


2^  r'n^jBophisrd  S&deiy  c/  Glatipcnr. 

ill  Olb-sjow  ifcr  h  •"-h-.iirr  ■:'  M  JCTJiiiTT.''     TLt  fc'ljo'sriiir  is  a  remmi  of 

Mi:-  David  G.  Hoet  read  bjd  fel&borh.iie  Jiaper  cm  tlie  sulijwt  of  I>r. 
Giiirdii^r'b  diboc'iirse.  He  &&k«id  "irLe^er  he  von^d  be  dt^emeid  gniltj 
c^  ezAggemiioiu  if  Le  iiSe<:rL&d  thai  iLe  rciozns  izt  libe  West  End 
terni/.v:9  loid  cre&oezits  vere,  bo  ilu'  us  the  jiriiiciple  of  oC'HSta-actioo 
wui  oc'iioemtid.  iks  f&oJTr  iii  Tuej^ect  of  TentilfixiQii  as  the  single  ajttxt- 
meniA  of  tLe  East  End  and  oentral  district — althon^Iu  as  a  maimer  of 
ooTirse,  iLe  e"*"iJ  result*  of  tiiis  grhTe  eTT»:»r  ia  pTinci|>]e  "were  seen  in 
iLeir  fall  exiormitT  on]T  under  tLe  severe  strain  of  the  denselv-^iafted 
popoLitioii  in  tLe  lan-er  quarurrsf  WL&t  was  tLe  law  wLicL  repilat'ed 
the  motion  of  air.  wLen  not  surxed  tipon  bv  an  external  force?  Simplj 
tLi&.  Given,  a  cLamber  containing  warmer  and  o^nsequentlv  rarer 
air,  and  anotLer  oontaining  oolder  and  consequent] v  denser  air:  and 
given,  a  means  of  communication  ojiencd  ny  between  tLe  two, — the 
correiit  would  immediat«e]v  set  in  from  tLe  ccJder  and  more  dense  to 
tLe  warmer  and  more  rare.  Now.  as  tLe  case  in  jioint  was  tliat  <^ 
tLe  8oot«L  ojten  entry  and  common  stair.  wLerein  tLe  air  wms 
neoessarilv  colder  tLan  in  tLe  interior  of  tLe  Louse,  it  followed  tLas 
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tLe  ventilation  was  not  from  tLe  closet  to  tLe  stair,  bnt  from  the 
stair  into  tLe  closet.  He  maintained  it  was  jnst  as  imjvOBsible  for 
tLe  ventilation  to  be  into  tLe  stair,  as  for  water  to  ran  np  Lill  Just 
as  tLe  ocean  was  tLe  nltimate  goal  of  water  seeking  its  level,  so  tiie 
fire  W21S  tLe  nltimate  eoal  of  everv  breatL  of  air  tLat  entered  the 
Louse  frfjin  anywLere  witLout,  seeking  its  level — viz.,  tLe  spot 
wLere  air  of  tLe  least  density  was  to  be  found.  IC  tLerefore — and 
tLis  was  Lis  wLole  case  as  regarded  ventilation — if  tLey  could  ao 
arrange  (1.)  tLat  tLe  admission  of  fr^esL  air  sLould  be  tLroughoiit 
Louse,  lobbies,  kc,  continuously  and  smootLly  flowing,  not  in  gusta 
or  draugLts;  (2.)  tLat  no  Lindrances  sLould  be  interposed  in  its  gentle 
unceasing  progress  tLrougL  tLe  lobbies  and  Louse  to  tLe  fire ;  and, 
(3.)  tLat  tLe  exit  of  foul  air  sLould  be  eveiywLere  regular,  thorongh, 
and  fr*om  a  sufficiently  LigL  level, — tLen.  and  not  till  tLen,  would 
tLey  Lave  anytLing  wortLy  tLe  name  of  tLorougL  ventilation.  Mr. 
Hoey  also  sLewed  Low  tLat  Dr.  Gairdner's  essentials  of  a  properly- 
constructed  Louse  were  provided  for  in  Lis  (Mr.  Hoey*s)  plans  for 
working  men's  Louses,  and  concluded  by  saying,  tLat  tLe  cost  of  such 
tenements  Lad  been  ascertained  by  application  to  a  practical  builder, 
and  after  including  tLe  feu-duty  payable  for  tLe  ground,  and  calculat- 
ing  tLe  building  at  twelve  years'  purcLaae,  Le  found  that  the  smaller 
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houses  could  be  let  at  £3  and  £3, 68.,  accommodating  each  four  adults, 
with  two  separate  sleeping-places;  and  the  larger  at  £3,  lbs.  to  £5, 
10s.  y  accommodating  each  six  adults,  or  the  equivalent  in  adults  and 
children,  with  three  separate  sleeping-places. 

Councillor  Ure,  who  was  called  on  by  the  President,  said  that 
Mr.  Hoey  had  introduced  bis  name  in  the  paper  read,  and  had 
repeated  the  opinion  which  he  had  given  at  the  Police  Board  in 
favour  of  the  system  of  ventilation  which  had  been  so  well  ad- 
vocated that  evening.  Along  with  Dr.  Gairdner  and  Mr.  Carrick, 
he  was  taken  to  the  places  where  that  method  of  ventilation 
was  in  o|)eration.  They  were  two  small  houses — one  of  which, 
previous  to  the  improvement  being  introduced,  was  so  smoky 
that  the  people  threatened  to  leave.  The  proprietor  had  been 
induced  by  Mr.  Hoey's  Neither  to  introduce  this  method  of  heating 
and  ventilation;  and  the  result  was,  that  the  smoking  ceased,  and 
the  people,  instead  of  leaving,  would  have  preferred  to  have  paid 
a  higher  rent  rather  than  have  done  so.  The  other  house,  which 
was  in  the  same  land,  was  one  in  which  a  great  deal  of  ill-health 
had  prevailed;  and,  with  the  view  to  try  the  effect  of  it  for  the 
purpose  of  health,  another  of  these  grates  was  introduced,  and 
the  consequence  was  that  the  woman  residing  there  admitted 
to  Dr.  Gkdrdner  and  those  accompanying  him  that,  from  the  time 
of  its  introduction  till  that  of  their  visit,  the  inmates  had  enjoyed 
such  health  as  they  never  had  done  before.  They  were  unable  to 
account  for  it  in  any  other  way  than  that  the  air  in  the  apartment 
was  fresh  and  pure.  Having  such  testimony,  he  felt  warranted 
in  speaking  in  favour  of  the  apparatus,  and  asking  the  Improve- 
ment Commissioners  to  introduce  it  into  a  building  which  he 
confessed  he  thought  they  never  should  have  had,  but  which,  with 
the  introduction  of  this,  must  be  made  more  healthy  than  single 
dwellings  such  as  were  in  other  parts  of  the  city.  It  had  not 
been  so  long  introduced  as  that  a  strong  argument  could  be  based 
on  it;  but  he  understood  the  tenants  were  very  well  pleased  with 
it,  and  possibly  were  disinclined  to  go  back  to  the  old  system 
of  open  fireplaces.  He  was  a  firm  believer  in  the  possibility  of 
making  our  homes  more  healthy  than  they  were;  and  the  method 
Mr.  Hoey  had  brought  before  them  was  one  which,  if  more 
generally  introduced,  would  be  found  to  assist  in  lessening  the 
death-rate  of  our  city. 

Db.  Gairdner  remarked,  that  the  two  rooms  referred  to  by 
Mr.  Ure  were  in  one  of  the  closely-packed  houses  in  Lyon 
Street,  and  were  not  selected  by  Mr.  Hoey,  but  by  bixsL  <^t. 
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Gairdner),  for  the  purpose  of  being  given  to  Mr.  Hoej,  on.  the 
ground  that  if  they  were  bad,  and  as  the  proprietors  were  appar- 
ently anxious  to  see  an  improvement,  the  people  were  of  such  a 
character  that  they  would  put  a  reasonable  construction  on  any- 
thing that  was  done. 

Mr.  Fin  lay  said,  it  was  the  duty  of  every  householder  to  look 
after  his  own  ventilation,  and  if  he  did  not  learn  the  subject  a 
little,  and  become  even  practically  acquainted  with  it,  he  need  not 
expect  proper  house  ventilation.  Proper  ventilation  was  a  fact 
of  more  importance  to  the  individual  than  his  wine-cellar. 

Mr.  M'Intosh  thought  that  that  portion  of  Mr.  Hoey's  paper 
was  greatly  to  the  point  which  had  reference  to  the  building  of 
houses  of  a  rental  of  from  £3,  lbs.  per  annum.  Although  he  (Mr. 
M'Intosh)  was  averse  to  the  Corporation  becoming  the  owners  or 
builders  of  houses,  yet  he  thought  it  was  within  the  province  of 
the  sanitary  i>ortion  of  the  Corporation  to  build  a  block  of  houses 
on  some  such  plan  as  that  which  had  been  described  by  Mr.  Hoey. 
There  might  also  be  built  two  or  three  blocks  upon  other  plans;  so 
that  if  it  could  be  shewn  to  the  capitalists  of  Glasgow,  or  bodies  of 
gentlemen  who  choose  to  invest  money  for  the  benefit  of  the 
working  classes,  that  comfortable  houses  for  that  section  of  the 
population  could  be  built  at  rents  from  X3  to  £5,  10«.,  the  problem 
was  solved,  more  particularly  as  the  calculations  of  Mr.  Hoey 
informed  them  that  he  took  the  ground  at  15«.  the  square  yard. 
It  was  very  well  known  that,  within  a  radius  of  two  miles  of  the 
cross  of  Glasgow,  plenty  of  good  ground  could  yet  be  got  at  the 
rate  of  15«.  per  square  yard,  or  a  little  more.  He  thought  that  was 
the  true  ])roblem  to  be  solved  with  reference  to  the  overcrowding 
of  Glasgow;  for  the  working  men  were  not  such  fools  as  to  remain 
in  close,  ill-ventilated  houses,  with  dark  closes,  dark  stairs,  and 
dark  passages,  if,  at  a  moderate  distance  from  the  various  centres 
of  their  work,  they  could  obtain  such  houses  as  had  been  describcKl 
by  Mr.  Hoey,  and  at  the  moderate  rents  which  he  had  indicated. 
He  (Mr.  M'Intosh)  had  very  considerable  experience  of  the  lower 
class  of  the  working  people  of  Glasgow,  both  in  seeing  them  at 
their  work  and  in  their  dwellings,  and  he  was  afraid  that  any 
scheme  of  ventilation,  which  depended  upon  an  opening  being  made 
in  outer  passages  communicating  with  the  fireplace,  would  not  meet 
with  great  approval  from  the  female  inmates;  for  they  would  say 
"  there  was  a  nasty,  cold  draught,^'  and  would  immediately  set 
about  sticking  rags  into  the  aperture. 

Mr.  John  Kahsay,  of  Eildalton,  said  that  he  had  been  mueh 
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interested  in  listening  to  the  paper  read  by  Mr.  Hoey.  He  differed 
rather  from  Mr.  Mcintosh,  when  he  said  that  it  had  no  bearing  on 
the  question  of  overcrowding,  as  it  had  a  very  important  bearing 
on  the  question  of  securing  efficient  ventilation,  which  was  one 
requiring  to  be  solved  in  order  to  their  ceasing  their  discussions 
about  overcrowding.  He  believed  it  was  an  important  consideration 
to  those  who  thought  upon  the  necessity  of  having  separate  apart- 
ments, and  that  no  family  should  live  in  one  apartment,  that  the 
district  of  Scotland  which,  according  to  the  Kegistrar-General's 
returns,  had  the  lowest  death-rate,  was  the  district  in  which  there 
was  the  greatest  number  of  families  living  in  houses  of  one  apart- 
ment. The  insular  districts  of  Scotland  were  distinguished  above 
all  other  parts  of  Scotland  by  a  low  death-rate.  He  believed  that 
in  these  districts  the  number  of  fiEunilies  living  in  houses  of  one 
apartment  was  greater  than  in  any  other  district,  in  proportion  to 
the  amount  of  the  population;  and  he  believed  this  was  secured,  as 
Mr.  Hoey  had  said,  not  certainly  by  the  superior  nature  of  the 
dwellings,  but  from  the  fact  that  efficient  ventilation  was  estab- 
lished, and  that  the  people  breathe  fresh  air.  He  believed  that  had 
an  important  influence  on  the  health  of  the  population,  not  only 
where  there  was  the  advantage  of  the  sea  breeze,  but  indoors, 
where  the  defective  character  of  their  dwellings  might  be  such  as 
not  to  secure  that  the  inmates  had  fresh  air  to  fill  their  lungs  at 
each  inspiration.  He  thought  that  if,  in  even  the  crowded  parts  of 
this  large  city,  there  could  be  secured  efficient  ventilation  of  the 
dwellings  of  the  poorer  classes,  it  would  be  a  great  boon  to  them 
indeed,  and,  he  believed,  would  tend  largely  to  bring  about  a 
decrease  in  the  death-rate  of  the  population. 

Mb.  Brohhead. — With  regard  to  overcrowding,  there  was,  he 
thought,  an  idea  lost  sight  of  by  some  of  those  gentlemen  who  had 
spoken  about  breathing  spaces.  It  was  quite  true  that  a  certain 
amount  of  air  was  required  to  breathe;  but  was  it  the  most 
advisable  way  to  attain  so  desirable  an  object,  that  the  street  in 
which  dwellings  were  erected  should  be  60  feet  wide?  In  England, 
and  in  Bristol  particularly,  it  was  extremely  common  to  build 
workmen's  houses  of  only  two  storeys,  with  the  street  only  30 
feet  wide.  He  thought  that  was  preferable  to  the  plan  of  having 
tall  houses  in  wider  streets,  because  so  great  a  number  of  persons 
were  not  resident  upon  a  given  acre  of  ground,  and  because  builders 
could  afford  to  erect  the  houses  in  a  better  way.  If  a  row  of 
houses  built  upon  the  English  style,  usually  in  streets  20  or  30 
feet  wide,  were  erected  in  streets  60  feet  wide,  it  would  b^  ^<«^ 
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lately  neoessaiy,  from  the  additional  cost  €»f  the  ground  to  be 
aoqnired,  to  increase  oonjBiderablv  the  rental  of  the  houses.  Am 
to  the  water-closets,  he  would  have  desired  to  have  heard  I>r. 
Gairdner  say  a  little  more  in  his  own  peculiar  province — ^he 
would  have  liked  he  had  informed  them  whether  there  was  any 
distinct  injuiy  to  health  in  the  mere  fact  of  having  no  water-closeti 
at  all.  He  thought  that  designs  for  working  men*s  houses  were 
defective  which  did  not  provide  a  lai^e  amount  of  aooommodaticHi 
in  the  shape  of  water-closets.  Since  Dr.  Gairdner  had  delivered 
his  paper,  he  (Mr.  Bromhead)  had  taken  the  trouble  to  examine 
seven  tenements  which  had  been  reoentlv  erected  in  the  western 
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part  of  the  city.  They  were  seven  tenements  of  dwellings,  eadi 
dwelling  with  a  water-closet  in  the  centre  of  the  building.  The 
plans  for  these  houses  must  necessarily  have  gone  before  the  Dean 
of  Guild  Court,  and  must  have  obtained  its  sanction  within  twelve 
months.  He  did  not  think  there  was  any  apology  for  this;  for 
exactly  opposite  the  said  tenements  there  were  erected  in  1861 
buildings  with  the  water-closets  placed  at  the  back,  each  water- 
closet  and  bath-room  being  3  feet  wide  and  7  feet  high. 


IV. — A  Glance  at  some  of  the  Vital  and  Social  Statistics  of  Glasgow 
in  18C9.  By  Mb.  William  West  Watson,  F.S.S.,  City 
Chamberlain. 


Read  before  the  Society,  March  9,  1870. 


The  year  18G9  has  been  in  this  district  characterized  by  an  unusual 
amount  of  atmospheric  disturbance,  an  unusual  range  of  tempera- 
ture, and,  unhappily,  by  an  extent  of  mortality  unprecedented  for 
many  years  within  the  city  of  Glasgow. 

The  year  opened  with  unseasonable  mildness — ^both  January  and 
February  exhibiting  the  highest  mean  temperature  of  these  months 
during  any  of  the  last  ten  years,  with  the  exception  of  February  in 
the  immediately  preceding  year.  There  was  likewise  in  these  two 
moiitliH  an  unusual  amount  of  rainfall,  extending  to  more  than  one- 
fourtli  of  that  of  the  whole  year;  together  with  an  excessive 
amount  of  Houtherly  wind,  and  a  very  high  rate  of  mortality.  The 
succeeding   month   of   March  was  characterized   by  the   opposite 
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meteorological  features ;  the  temperature  was  lower  than  during  the 
average  of  many  years;  the  wind  blew  from  the  north  and  east 
during  twenty-three  days,  in  place  of  from  the  west,  as  is  usual  in  this 
month ;  and  the  rainfall  was  the  lightest  of  any  during  the  entire  year : 
in  short,  it  was  a  bitter  and  inclement  month,  and  the  mortality  of 
the  city  culminated  in  an  aggi*egate  of  1,768, — by  very  much  the 
highest  amount  of  any  month  u2)on  record  since  the  establishment 
of  the  registration  8y.;tem  in  1855.     Then  followed  April,  equally 
unse:  ;oniible,  but  in  an  opposite  direction, — it  was  the  warmest 
Aj'il  since  1856,  with  an  e.\ceodingly  light  rainfall,  and  an  excess 
of  southerly  aild  w<     jrly  winds;  and  the  mortality  fell  nearly  300 
below  that  of  M;*    'i.     -A^rnin,  as  if  to  vindicate  the  contrasting 
features  of  the  se   -yiis,  Miv/  j)resented  the  lowest  temperature  and 
the  lightest  riMifall   of  any  May  upon  record,  together  with  an 
unusual  jaep  :i.ii.:auce  of  eu^t  wind;  yet  the  death-rate  shewed  a 
diminution  of  nr  .rly  100  as  compared  with  ApriL     The  month  of 
June  exhibited  a  lower  temperature  than  usual,  up  till  the  middle 
of  the  month,   when  a  storm  of  great  violence   seemed  to  have 
brought  the  elemental  derangements  into  something  of  equilibrium, 
— ^the  remainder  of  the  month  was  genial  and  seasonable,  and  the 
vagaries  of  the  atmosphere  subsided  until  (with  the  exception  of 
September)  nearly  the   close  of  the  year,  although  August  was 
exceptionally  noticeable  by  an  unusually  wide  range  of  tempei*ature 
as  well  as  by  a  deficiency  of  rain.     The  mortality  fell  to  1,013  in 
August;  and,  although   September  was   marked   by  much   atmo- 
spheric disturbance,  indeed  storms,  and  by  a  very  unusual  amount 
of  rainfall,  the   mortality  fell   away  to  915, — by  very  much  the 
lowest  of  the  year.     October  and  November  were  average  months, 
exhibiting  no  unusual  features,  excepting  the  frequency  of  high 
winds,  with  a  very  great  preponderance  from  the  west,  and  an 
unusual  rainfetll  in  the  latter  month;  but  the  mortality  made  a 
sudden  bound  from  980  in  October  to  1,313  in  November;  and 
December  closed  this  year  of  strange  variations  with  the  lowest 
average  temperature  of  any  December  since  1860,  a  succession  of 
stormy  winds,  a  rainfall  much  above  the  average,  and  a  mortality 
of  1,540, — being  next  to  March,  by  far  the  most  fatal  month  of  this 
year.     Bronchitis  was,  in  both  instances,  the  chief  destroyer ;  this 
single  disease,  or  class  of  disease,  having  carried  off  no  fewer  than 
361  victims  in  March,  and  409  in  December.     The  aggregate  of 
the  mortality  of  the  year  assigned  to  this  one  cause  furnishes  a  sad 
record  of  2,545  victims,  to  which  number  no  other  disease  in  the 
catalogue,  not  even  typhus,  offers  an  approach  of  one-bAAi^  ^^^<^>^\hs^ 
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onlf  amoimted  to  39-07  inclies,  that  of  1868  bavmg  been  17-80 
inches. 

There  were  15,640  deaths  and  18,490  births  registered  during 
the  year, — thus  adding  to  the  population,  by  wliat  is  termed  "natural 
increase,"  only  the  small  number  of  2,850  souls.  This  is  bj  much 
the  smallest  increase  of  this  kind  exhibited  during  any  of  the  last 
nine  years,  the  mere  average  of  which  has  been  4,527,  ranging  from 
5,778  in  1867,  which  was  ft  year  of  remarkably  redaoed  mortality, 
down  to  the  2,850  already  named.  The  reduction  is  attributable 
partly  to  a  diminution  of  the  number  of  births,  even  as  compared 
with  1868;  but  chiefly  to  the  very  marked  intrease  in  the  amount 
of  mortality,  which,  In  1869,  exceeds  that  of  1868  by  bo  many  as 
1,815,  or  151  in  each  month.  The  following  table  exhibits  the 
annual  increase  during  each  of  the  last  nine  years,  as  well  as  the 
averages  of  each  of  the  events,  and  of  the  annual  increase  during 
the  whole  period. 

NATDRiL  INCEEASE  OF  THE  P0PX7LATI0N,  1861  TO  1869. 


,-,. 

KrOii. 

D«thi. 

ITMinUtiwnwM. 

1861, 
1862, 
1863, 
18H 
I86B, 
1866, 
1867, 
1868, 
1869. 

16,536 
16,397 
16,988 
17,434 
17,928 
18.287 
18,366 
18,609 
18.490 

10,932 
11,569 
13,327 
13,674 
13,912 
2,826 
2,678 
3,825 
6,640 

5,604 
4,828 

3,760 
4,016 
5,461 
5,778 
4,784 
2.8B0 

Total  of  nine  yea™. 

169,026 

118,283 

40,742 

Average  of  yeuB,  , 

17,669 

13,143 

4,527 

In  a  progressive  population  like  ours,  it  is  natural  to  expect 
that  the  mortality  should  likewise  exhibit  an  increase;  and  if 
it  did  advance  in  any  regular  or  even  approximately-defined  ratio, 
the  subject  could  attract  little  or  no  remark;  but  it  is  not  found 
to  be  so.  The  population  advances  sometimes  with  greater,  some- 
times with  smaller  strides;  but  the  amount  of  mortality  leaps 
and  stops,  advances  and  recedes,  in  the  most  fantastic  fashion. 
As  already  stated,  that  of  1869  has  amounted  to  15,640;  yet  this 
enormous  aggregate   was    exceeded    so    fiir  back   as   1847,  wW-cv 
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upwards  of  18,000  of  our  people  died;  and  again  in  1854,  when 
17,000  died;  and  was  almost  equalled  in  1853,  when  nearly  15,000 
died.  But  in  each  of  these  instances  we  can  lay  the  finger  upon 
a  leading  cause.  In  the  first  of  these  years  it  arose  firom  fiunine 
and  its  consequences;  in  the  other  two,  from  cholera. 

The  year  just  passed,  however,  has  not  been  rendered  remarkable 
by  any  particular  epidemic,  but  rather  by  a  general  aggravation 
of  many  of  the  diseases  to  which  our  population  is  exposed, — and 
among  them  are  especially  noticeable  those  connected  with  the 
chest.  Foremost  of  all  stands  bronchitis,  which  carried  off,  as 
already  stated,  no  fewer  than  2,545  victims,  shewing  an  increase 
upon  the  preceding  year  of  630,  and  exceeding  by  upwards  of 
700  the  annual  average  of  the  last  nine  years.  The  increase  of 
this  sad  malady  presents  some  very  singular  features.  From  1861 
to  1865  it  ran  a  tolerably  equal  race  with  phthisis,  sometimes  the 
one  and  sometimes  the  other  preponderating;  but  since  1865  it 
has  steadily  widened  the  distance  from  its  terrible  rival.  In 
1865  it  had  a  majority  of  only  8;  but  in  1866  this  had  risen  to 
119,  and  was  followed  by  a  majority  of  244  in  1867,  by  120  in 
1868,  and  by  723  in  1869.  Now,  this  is  the  more  remarkable, 
because  we  are  almost  universally  under  the  impression  that 
phthisis  or  consumption  is  not  only  our  deadliest  malady,  but  is 
always  rapidly  advancing.  I  find,  nevertheless,  that  while  the 
deaths  of  1869  from  phthisis  amount  to  1,812,  they  do  not  very 
greatly  exceed  the  annual  average  of  nine  years,  which  has  been 
1,716.  Going  back,  however,  sixteen  or  eighteen  years,  I  find 
the  following  noteworthy  facts  upon  record:  that  the  deaths  in 
GlaHgow  were,  in  1852,  1,980  from  phthisis,  and  433  fit>m  bron- 
chitis; in  1853,  2,490  from  phthisis,  and  513  frt)m  bronchitis;  in 
1854,  2,350  from  phthisis,  and  only  394  from  bronchitis. 

It  may  possibly  be  objected  to  these  last  figures  that  they  are 
open  to  doubt,  being  in  a  great  measure  derived  from  the  loose 
nomenclature  i)opularly  applied  to  diseases,  and  so  quoted  to  the 
burial  registrar;  but  when  we  come  to  the  succeeding  year,  1855, 
when  the  Registration  Act  was  in  frill  operation  in  Scotland,  and 
the  returns  were  checked  by  the  medical  officials,  we  find  a  fair 
amount  of  corroboration  of  the  approximate  accuracy  of  the  figures, 
for  the  numbers  brought  out  for  that  year  were  1,417  from  phthisis, 
and  694  from  bronchitis.  A  comparison  of  these  figures  with  those 
of  1869 — when  1,417  have  advanced  in  fourteen  years  to  1,812, 
while  694  have  in  the  same  period  assumed  the  magnitude  of  2,545 
— leaves  little  or  no  doubt  as  to  the  increasing  fatality  of  bronohitiB. 
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Before  leaving  this  particular  disease,  or  possibly  class  of  diseases, 
let  me  advert  to  the  fact  that  inflammatory  diseases  of  the  respira- 
toiy  organs,  in  which  bronchitis  takes  by  far  the  leading  place,  are 
stated  by  the  Kegistrar-General  to  be  the  only  class  that  produces 
constantly  twice  the  mortality  in  urban  that  they  do  in  rural 
districts;  for  from  1855  to  1864  (the  latest  tabidated  decennary), 
in  every  100,000  persons  who  died  in  Scotland,  there  fell  through 
these  causes  150  in  the  insular,  204  in  the  mainland  rural,  while 
407  were  the  victims  in  the  town  districts.  As  illustrative  of 
the  prevalence  of  this  disease  during  last  year  in  districts  far 
remote  from  this,  I  instance  the  case  of  Whitechapel  Union, 
a  district  of  London  somewhat  analogous  in  character  to  our 
High  Street  and  Bridgegate.  It  contains  a  population  of  about 
70,000,  or  somewhere  about  that  of  the  city  of  Aberdeen,  and 
is  situated  in  the  very  heart  of  the  metropolis.  Having  been 
furnished  with  the  returns,  I  find  that  while  the  pauper  cases 
of  bronchitis  and  catarrh — ^for  they  are  there  grouped  together — 
treated  by  the  officers  of  the  Union,  amounted,  during  the  whole 
nine  years  preceding  1869,  to  5,907,  thus  exhibiting  an  average 
of  656  a  year,  and  while  those  of  1868  taken  by  itself  had  only 
amounted  to  450,  the  cases  of  1869  alone  actually  reached  the 
enormous  amount  of  6,320,  or  considerably  beyond  the  entire  aggre- 
gate of  the  whole  previous  nine  years.  At  the  same  time,  I  may 
mention,  in  passing,  that  with  an  experience  something  like  our 
own,  small-pox,  which  had  averaged  for  the  whole  ten  years, 
1860  to  1869,  124  cases  per  annum,  had  dwindled  in  1869  to  5 
cases  in  all. 

Typhus  has  taken  off  948  victims,  and  exhibits  a  considerable 
increase  upon  the  average  of  nine  years,  which  has  been  708, 
ranging  from  1,177  in  1865  down  to  338  in  1868.  With  the  ex- 
ception of  the  first  two  months  of  the  year,  and  September  and 
October,  this  disease  has  maintained  a  remarkable  uniformity  in  its 
fatality;  and,  with  the  exception  of  phthisis,  is  by  far  the  most  fiital 
disease  to  our  population  in  middle  life.  Of  the  948,  only  59  were 
under  five  years  of  age;  132  were  of  ages  from  five  to  twenty;  69 
again  were  above  sixty ;  while  688  fell  in  the  prime  of  maturity, 
at  ages  ranging  from  twenty  to  sixty. 

Thus,  these  three  diseases  alone  account  for  5,305  deaths,  or 
more  than  a  third  of  the  whole  mortality.  Hooping-cough  and 
scarlatina  both  exhibit  a  slight  decrease,  as  compared  with  1868, 
although  both  are  greatly  beyond  the  average  of  nine  years. 
Pneumonia  shews  a  large  increase,  and  is  also  g;tQeA\^  V^-^isnA  ^^ 
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average;  while  these  three  combined  account  for  a  further  amount 
of  2,352   deaths,   of  which   1,688   are  infantile.      Hydrocephalus 
shews  a  sUght  increase,  and  measles  a  very  marked  one;  and  these 
two  account  for  1,110,  of  which  1,004  are  infantile.     From  both 
disease  of  the  heart  and  from  old  age,  there  has  been  a  considerable 
increase  of  deaths ;  both  are  in  excess  of  the  average,  and  together 
have  carried  off  860  persons.     We  have  thus  seen  the  causes  of 
nearly  10,000  of  the  deaths  of  the  year.     The  remainder  of  the 
numerous  diseases  which  have  proved  fatal,  have,   with  a  few 
exceptions,  each  carried  off  only  a  small  number  of  persons ;  and 
among  these,  small-pox  may  merely  be  noticed  in  passing,  as  it 
has  now  fallen  to  occupy  a  very  insignificant  place  indeed,  having 
only   carried   off    7   victims,   all  infants.      If   the  continued  im- 
munity in  Scotland  from  this  disease  is  not  attributable  to  the 
Compulsory  Vaccination  Act,   there  is  a  marvellous  coincidence 
in  the  cessation  of  the  disease  and  the  application  of  the  measure. 
Let  us  go  back  a  very  few  years,  and  regard  the  figures.     Even 
so  lately  as  1863,  there  died  of  this  disease  in  Glasgow  349  per- 
sons, and  in  1864,  300 ;  but  going  no  further  back  than  the  period 
extending  from  the  years  1852  to  1854,  we  find  that  even  then  it 
was  a  still  more  formidable  malady,  having  carried  off  in  these 
three  years  respectively  the  numbers  of  584,  296,  and  467.     As 
illustrative  of  the  altered  views  with  which  this  disease  has  latterly 
come  to  be  regarded,  there  was  a  recent  article  in  the  Lancet^  calling 
attention  to  the  remarkable  mortality  caused  by  small-pox  in  Paris, 
which,  in  the  hospitals,  had  during  the  year  1869  carried  off  as 
many  as  270  victims.    The  figures  given  in  the  preceding  paragraph 
point  to  a  very  different  state  of  matters  with  ourselves,  when  our 
population  did  not  amount  to  one-fourth  of  the  present  population 
of  Paris,  and  yet  at  that  time  the  subject  caused  among  us  no  great 
extent  of  alarm  or  even  of  observation. 

I  have  had  occasion,  in  the  course  of  these  remarks,  to  allude  to 
the  Registration  Act,  which  came  into  operation  in  Scotland  for  the 
first  time  in  1855.  The  system  had  been  introduced  into  England 
in  July,  1837,  and  became  rapidly  appreciated  and  recognized. 
Our  local  authorities,  impressed  with  the  impoi*tance  of  the  subject, 
desired  to  obtain  for  ourselves  some  such  statistics  as  were  thus 
ascertained,  and  after  waiting  until  1851,  in  disappointed  expectation 
of  the  extension  of  the  system  to  Scotland,  they  instructed  the 
intelligent  superintendent  of  the  Corporation  burying-grounds  to 
fdmlBh  returns,  from  all  the  burying-places  within  the  boundaries, 
of  the  number  of  burials,  together  with  the  causes  of  death.     These 
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were  tabulated  and  printed  monthly,  following  as  nearly  as  was 
practicable  the  arrangement  adopted  by  the  English  Kegistrar- 
General ;  and  during  the  period  which  they  include — viz.,  from 
April,  1851,  to  December,  1854,  when  they  ceased  to  be  required — 
they  furnish  certain  interesting  information  as  to  the  mortality  of 
Glasgow,  not  otherwise  available.  The  success  of  the  scheme,  so 
far,  induced  the  authorities  to  extend  the  amount  of  information, 
by  including  in  the  returns,  from  January,  1852,  the  number  of 
baptisms  as  recorded  in  the  parish  registers,  and  the  proclamations 
of  marriage,  as  also  recorded  in  the  registers,  in  the  hope  of  thus 
obtaining  a  complete  record  of  the  three  great  statistical  data, — ^the 
births,  deaths,  and  marriages  of  the  community.  The  result  of  this 
latter  portion  of  the  scheme  furnishes  a  notable  instance  of  the 
necessity  for  compulsory  enactments  in  all  matters  capable  of  con- 
cealment, yet  requisite  to  be  known.  The  births  so  registered 
were  found  to  be  recorded  in  the  three  years,  1852  to  1854,  as 
7,920,  7,957,  and  8,735,  or  not  very  greatly  more  than  one-half  of 
what  we  now  know  must  have  been  the  reality.  On  such  terms 
the  city  would  have  become  rapidly  depopulated,  when  we  look  to 
the  heavy  amount  of  mortality  prevailing.  It  has  since  become 
evident  how  vast  a  disproportion  there  then  existed  between  the 
number  of  births  and  the  record  of  baptisms.  On  the  other  hand, 
the  record  of  proclamations  of  marriages  might  have  been  found  to 
afford  nearly  as  much  of  a  puzzle;  for,  in  the  three  years  named, 
they  amounted  respectively  to  4,160,  4,348,  and  4,662,  or  an 
average  of  4,390  a  year, — numbers  which,  with  regard  to  actual 
marriages,  are  scarcely  approached  even  until  this  day;  for  the 
average  of  the  last  nine  years,  including  1869,  is  only  yet  3,909, 
among  a  population  increased  by  about  100,000  souls.  At  the 
first  glance,  the  obviously  available  inference  would  be,  that  a 
very  remarkable  number  of  persons  must,  after  being  proclaimed, 
have  thought  better  over  the  matter,  and  allowed  it  to  drop ;  but 
there  is  a  simpler  and  more  satisfactory  solution  in  the  feu^,  that 
proclamations  of  parties  belonging  to  different  parishes  must  each  be 
published  in  both  parishes;  and  we  therefore  prefer  to  adopt  the 
conclusion  that  a  large  number  of  marriages  proclaimed  in  Glasgow 
must  have  been  solemnized  elsewhere. 

The  difficulties,  however,  which  are  thus  presented  by  these 
births  and  marriages,  do  not  exist  in  c6nnection  with  burials.  The 
registrars  of  the  present  time  take  no  account  of  the  still-bom, — 
they  neither  regard  them  as  living  or  dead,  as  births  or  as  deaths; 
but  although  these  little  ones  thus  escape  registration^  yet  tl^^'^ 
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MiYun  iiiid  *  ipiLVr :  uid  i£  tii^j^jirc.  wt  dttdnci  Ukc  smfiLer  of  their 

)m^  T^se^^iiiZ'yihfy^  ^jni  iL<:  v.AJbI  iiusOjo;   ve  suit  trren  ssOl 

pfirrl'yj  iL  v'.^'^'ii'^:^ — m  &  rtskufjixkhiv  re'rifclor  zimasope-  of  the  aziKWif 

of  LuanAJJT  r  :  \h*:  i*iw  -vLo  art  chrriwi  ww^t  v^  tt  bcrkid  wiih  iheir 

•  •  • 

kj.vir<^  f^vorA<i  '/ut  m&iu  mar  be  €K»iisddf-rHi  as  IttL^azLwa  bv  an 
fT'jfxiJ  ZiUiLi^r  wLo  arff  sdiuilariT  brC'Ti^i  fc»r  iziiicnikesit  vixhin  oiir 
own  \jfjnn4Mri*s»L  I  Ttn&bd  iLif  &n  in  1^0o  az«d  l>t4.  "vLen  I 
found  tlxai  the  Zi umber  of  buiiais  exocieiifii  iLose  of  the  re^^isus^d 
dfsHihiL  by  uoiuberb  not  great!  v  vaiying  frf>m  iLose  whuh  sti214foni 
buiiaU  ttiijdit  be  exywusd  u>  aooount  fc^.  I  need  searofrlj  add, 
Lom'<;v«^,  that  nov,  year  after  rear,  the  extension  of  ovr  immwiiate 
au}/ur>A  in  everh-  direction  renders  this  measure  of  reference  leas 
and  )<?K»  nriiable,  until  the  time  arriTes — and  it  seems  now  to  be 
wA  dijftant — when  we  Khali  ^  bury  our  dead  out  of  our  sight "  in 
kicalitieff  rxinKiderablj  removed  from  the  busy  haunts  and  homes  of 
Hvjijg  matL. 

But  thiif  dark  story  of  mortality  is  not  without  some  relieTing 
featur<;K;  and  much  as  we  were  startled  and  surprised  last  year, 
witiik  after  week,  by  the  Begistrar-General's  reports  upon  onr 
rati;  of  mortality,  I  daresay  that  many  readers  will  be  equallj 
Huq>rLHod  when  told  that,  unsatisfactory  as  our  sanitary  condition 
has  \th(m,  it  is  actually  somewhat  superior  to  what  it  was  twenty 
ytmrH  ago.  I  do  not  allude  to  the  terrible  year  1847 — ^that  which 
follower!  the  ]K>tato  f&inlne — when  shoals  of  destitute  beings 
fKx;keil  into  OlaHgow,  br^th  from  Ireland  and  the  Scotch  SLigfa- 
lauds,  to  Kcok  an  asylum  and  a  grave,  and  the  deaths  of  the 
city  exc<;eded  18,000;  but  I  allude  to  the  series  of  years  com- 
mcncing  with  1848,  and  terminating  with  1854.  During  these 
seven  y<'4irH,  the  aggregate  of  deaths  amounted  to  93,453.  No 
doubt  that  iMiriod  of  time  included  no  less  than  two  invasions  of 
cholera;  but,  stiiking  off  in  round  numbers  7,700  victims  as  having 
fallen  lK;forc  that  destroyer,  there  remain  85,753,  or  after  deducting 
tlie  iilK5rul  allowance  of  6,753  for  still-bom,  which  at  that  time 
wcjre  reckcjnud  in  the  mortality  returns,  there  remain  79,000  other 
deaths  of  onlinary  occurrence,  forming  an  average  of  11,286  for 
each  of  the  Hoven  years  in  question.  Let  us  now  compare  these 
seven  years  with  the  seven  years  last  past.  During  these  last 
He  veil  yc^ara  the  mortality  has  averaged  13,683  a  year,  and  it  thus 
oxhihiiH  an  incretiso  of  2,397  deaths  over  the  corresponding 
av(«nige  in  each  year  of  the  preceding  period  in  question.  But 
how  HtiindH  the  ]>opulation  at  the  respective  periods  oompcu^? 
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If  we  adopt  the  calculation  of  the  Registrar-General,  that  in 
the  middle  of  1869  it  was  458,937,  and  assume  that  at  30th 
June,  1866,  the  middle  of  the  seven  years  now  under  compari- 
son, it  was  438,000,  and  again,  that  at  30th  June,  1851,  it  only 
amounted  to  334,000,  we  arrive  at  the  conclusion — not  a  flat- 
tering one  undoubtedly,  but  yet  it  is  more  satisfactory  than  might 
have  been  anticipated — ^that  while  the  general  mortality  of  the 
city  was,  excluding  cholera,  33*80  per  1,000  in  the  seven  years, 
1848  to  1854,  it  had  abated  to  31*24  in  the  seven  years  ranging 
from  1863  to  1869.  In  short,  it  would  thus  appear  that  the  average 
mortality  of  the  seven  years,  1848  to  1854,  actually  closely  ap- 
proached that  of  the  severely  exceptional  year  1869. 

The  local  published  register,  ranging  from  April,  1851,  to 
December,  1854,  alluded  to  in  a  preceding  paragraph,  had  naturally 
a  very  limited  circulation,  and  copies  are  now  exceedingly  rarely 
to  be  found.  I  have  consequently  regarded  it  as  desirable  to  take 
the  present  means  of  preserving,  to  a  certain  extent,  some  portions 
of  the  information  it  affords  of  the  details  of  the  mortality  of  the 
period  which  it  includes.  Accordingly,  I  have  compiled  a  con- 
densed table  of  the  monthly  sequence  of  deaths  from  sixteen  of 
the  more  fjeital  diseases  from  which  our  population  suffered,  and 
have  added  the  corresponding  details,  which  are  of  sad  interest, 
regarding  the  latest  serious  visitation  of  cholera.  The  table, 
therefore,  will  be  found  to  afford  very  interesting  means  of  com- 
paring the  progress  or  recess  of  the  various  diseases  enumerated 
during  the  years  in  question,  with  their  position  during  later 
periods. 

SELECTIONS  FROM  THE  MORTALITY  BILL  OP  GLASGOW  FOR  THE 
YEARS  1851  TO  1854,  COMPILED  FROM  THE  MONTHLY  TABLES 
PREPARED  AND  PUBLISHED  FOR  THE  CORPORATION  AT 
THAT  PERIOD. 


Tears. 


1851, 
1852, 
1853, 
1854^ 


672 
584 
296 
467 


1 


648 

241 

1040 

329 


I 


149 
481 
908 
664 


783 

639 

839 

1,026 


I 


171 
204 
210 
193 


I 


849 
760 
869 
871 


9 


112 
62 
63 
61 


i 


391 
504 
703 
460 
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Yean. 


1851, 
1852, 
1853, 
1854, 


224 
312 
379 
292 


& 


1,904 
1,980 
2,490 
2,350 


I 


n 


373 
393 
454 
388 


1 

< 


128 
131 
146 
124 


162 
142 
167 
129 


n 


207 
153 
305 
226 


d 
V 


324 
433 
513 
394 


i 


162 
202 
258 
175 


151 
3,741 


It  has  long  been  observed,  although  recently  more  attention 
than  formerly  has  been  attracted  to  the  subject,  that  with  regard 
to  births  and  deaths,  and  also  marriages,  the  ratio  increases 
remarkably  wherever  large  numbers  of  people  are  massed  together. 
I  do  not,  of  course,  allude  to  actual  increase,  for  that  is  self-evident, 
but  to  a  greater  rate  of  increase  in  large  than  in  small  communities. 
The  Registrar-General  gives  expression  to  his  views  on  the  matter 
in  very  striking,  and  possibly,  one  may  be  pardoned  for  suggesting, 
in  somewhat  positive  language,  but  indicating  at  all  events,  very 
forcibly,  how  artificial  is  the  condition  of  human  existence  in 
towns  and  cities,  as  compared  with  the  rural  and  more  natural 
state  of  man.  He  says : — "  It  would  appear  that  nature  does  nothing 
without  a  compensation,  although  this  fistct  seems  hitherto  to  have 
been  entirely  overlooked."  [1]  "  Thus,  if  the  principal  towns  have 
the  greatest  proportion  of  deaths,  they  have  also  the  highest  pro- 
portion of  births  and  marriages,  while  each  of  the  other  groups 
have  their  births  and  marriages  in  exact  proportion  to  their  deaths. 
In  fact,  the  now  ascertained  facts,  when  looked  at  firom  a  philo- 
sophical point  of  view,  would  seem  to  lead  to  the  conclusion,  that 
it  was  a  law  of  nature  that  the  rapidity  of  the  circulation  of  life 
in  each  country  was  dependent  on  the  density  of  the  population ; 
and  that  if  the  lamp  of  life  burned  out  most  quickly  where  the 
population  was  most  dense,  ample  provision  was  made  for  keeping 
up  the  supply  of  life,  seeing  that,  in  proportion  to  the  density 
of  the  population,  the  ratio  of  both  marriages  and  births  was 
correspondingly  increased." 

Without  absolutely  adopting  a  conclusion  so  peculiarly  definiie 
as  that  of  the  Kegistrar-General,  with  regard  to  the  exactitude 
of  the  ])roportions  of  the  various  events  of  births,  deaths,  and 
marriages,  we  may  illustrate  the  fiswjt,  of  the  highest  proportion  of 
each  being  exhibited  in  the  largest  towns,  in  a  general  way,  by 
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a  reference  to  the  events  in  question  as  developed  in  our  own 
city  during  1869. 

In  the  preceding,  as  well  as  the  following  calculations,  there 
has  been  adopted  the  estimate  of  our  population  in  the  middle  of 
1869,  made  by  the  Registrar-General,  as  458,937,  because  it  unfor- 
tunately happens  that  I  require  to  be  in  the  printer's  hands 
some  time  before  my  own  estimate,  founded  upon  the  ascertained 
number  of  inhabited  dwelling-houses,  can  possibly  be  available. 
However,  the  difference  in  estimate  cannot  be  a  very  important 
one;  and  taking  the  Registrar's  figures  as  to  population  to  be 
reasonably  accurate,  it  thence  follows  that  our  birth-rate  has  been 
40*29,  and  our  death-rate  34*07, — ^both  remarkably  high  figures 
when  we  reflect  that  the  average  rate  of  the  whole  United  King- 
dom was,  in  the  same  year,  35*34  for  the  former,  and  22*64  for 
the  latter;  but  we  must  not  lose  sight  of  the  fact  that  both 
of  these  last  rates  are  applicable  to  the  whole  population  of  the 
kingdom,  in  town  and  country  combined,  while  we  in  Glasgow 
are  in  a  very  considerably  exceptional  position,  as  to  both  the 
one  and  the  other,  when  we  look  to  the  density  of  our  population, 
and  apply  the  remarks  contained  in  the  preceding  paragraph. 

On  looking  to  the  year  1867,  which  is  the  latest  of  which  the 
details  have  yet  been  tabulated,  and  dividing  Scotland  into  four 
great  groups — viz.,  of  principal  towns,  with  above  25,000  inhabi- 
tants each;  of  large  towns,  having  10,000  to  25,000;  of  small 
towns,  of  3,000  to  10,000  inhabitants;  and  of  rural  districts,  having 
among  them  1,423,621 ;  while  the  town  groups  (already  alluded  to) 
have  among  them  1,747,138, — we  shall  find  the  birth-rate  to  stand  in 
the  following  proportion,  proceeding  in  the  order  just  now  indi- 
cated:— 41*18  in  the  principal  towns,  39*16  in  the  large  towns, 
36*33  in  the  small  towns,  and  only  31*75  in  the  rural  districts. 
Similarly  applying  the  death-rate,  we  shall  find  it  to  descend  the 
same  scale  in  the  following  proportions: — 27*99,  24*91,  21*89, 
and  in  the  rural  districts  only  17  in  the  1,000;  and  so  wondrously 
steady  are  these  proportions,  that,  taking  the  considerable  period  of 
ten  years,  firom  1856  to  1865,  which  offers  a  more  satisfactory  field 
of  observation  than  any  single  year  can  possibly  do,  the  proportions 
are  found  to  be  28*25,  24*57,  21*24,  and  16*95. 

Of  the  births  in  Glasgow  during  1869,  9,418  were  boys,  and 
9,072  girls;  while  of  the  deaths,  7,840  were  males,  and  7,800 
females.  Thus  the  proportion  in  births  of  boys  to  girls  was  103*8 
to  100,  which  is  a  lower  proportion  than  is  generally  found  to 
prevail  in  Scotland,  and  likewise  in  Europe  generally^  -wb^r^  ^^ 
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rate  is  almost  exactly  104;  and  this  last  is  a  trifle  lower  than 
that  of  England,  which  is  104-4  to  100. 

We  may  now  allude  to  the  remarkably  high  proportion  of  mar- 
riages registered  in  Glasgow,  which  in  the  year  1869  amounted  to 
4,221.  This  number  represents  a  trifle  beyond  9  in  the  1,000  of 
population,  the  exact  figures  being  9*19;  and  thus  verifies  to  a  con- 
siderable extent  the  estimated  proportion  for  the  principal  towns 
already  referred  to,  which  is  taken  as  9*36;  while  that  of  the  second 
class,  or  large  towns,  is  7*92;  of  the  small  towns,  6*83;  while  in  the 
rural  districts  it  falls  to  5*61.  The  marriages  in  Glasgow  during 
1869  exhibit  an  increase  of  fully  10^  per  cent.,  as  compared  with 
1868,  when  they  amounted  to  3,814;  but  it  is  only  fair  to  remark 
that  this  last  represents  the  lowest  number  since  1863. 

It  may  be  interesting,  before  leaving  the  last  subject  in  hand, 
to  bear  in  mind  a  simple  circumstance,  as  illustrative  of  the 
minute  details  which  frequently  go  to  aflect  either  a  fact  or  an 
estimate.  The  closing  day  of  the  year,  or  in  popular  language, 
"  Hogmanay,"  forms  the  fSeivourite  wedding  time  of  the  working 
classes,  although  Friday  is  their  fiivourite  day,  or  rather  evening, 
for  this  ceremony,  at  almost  all  other  periods  of  the  year.  Now, 
it  is  obvious  that  the  marriages  of  the  evening  of  the  31st  Decem- 
ber cannot  possibly  be  registered  until  January  of  the  succeeding 
year;  and  as  it  is  the  date  of  registration,  not  of  the  occurrence, 
that  is  tabulated,  it  follows  that  each  year  derives  some  credit,  not 
exactly  its  own,  in  the  shape  of  all  the  marriages  celebrated  upon 
that  auspicious  day;  and  upon  this  occasion,  those  registered  in 
the  month  of  January  amounted  to  the  large  number  of  5^7, 
against  511  in  the  January  of  the  preceding  year.  It  is  only  just, 
however,  to  add  that  1869  sustains  a  greater  loss  at  its  close 
than  compensates  its  gain  at  the  beginning;  for  as  the  year 
opened  upon  a  Friday,  so  not  being  leap-year,  it  also  closed 
upon  a  Friday;  and  the  year  1870  thus  adds  to  its  statistics 
the  whole  of  the  marriages  arising  from  the  double  event  of  the 
close  of  the  year  and  the  fiivourite  Friday  hapi)ening  together. 
Thus,  the  registers  of  January,  1870,  present  the  unprecedented 
number  of  627  marriages  in  Glasgow;  and  a  very  large  propor- 
tion of  these  are  recorded,  as  might  be  expected,  in  the  very- 
first  week  of  the  month.  The  marriage  records  of  the  year 
exhibit  the  invariable  and  certainly  peculiar  features  noticeable 
in  the  history  of  our  community  year  after  year;  the  filing  oflf 
in  February  after  the  excitement  of  the  preceding  month,  whether 
belonging  to  itself  or  to  the  closing  day  of  the  bygone  year;  the 
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comparative  dulness  of  March  and  April;  the  great  diminution  in 
May,  arising  from  a  deep-rooted  prejudice;  the  natural  rebound 
in  June;  the  remarkable  outburst  at  the  Fair-holidays  in  July; 
and  again,  the  large  accession  of  numbers  in  November,  when 
the  engagements  of  many  domestic  servants  terminate,  and  their 
earnings  become  available  for  a  start  in  life.  As  a  matter  of 
course,  a  similar  result  wotdd  become  apparent  in  May,  but  for 
the  action  of  the  prejudice  already  alluded  to,  against  that  usually 
cheerful  month. 

The  number  of  marriages  in  a  community  has  been  regarded  by 
some  statists  as  affording  a  reliable  indication  of  the  condition  or 
progress  of  commercial  affairs.  I  am  inclined  to  think  that  you 
will  coincide  with  me  in  entertaining  a  doubt  as  to  whether  the 
increased  number  of  marriages  in  1869  tends  to  strengthen 
that  view  as  one  which  furnishes  a  rule  that  is  invariably  to  be 
depended  upon. 

Having  already  mentioned  the  total  amount  of  births  during 
the  year,  and  estimated  their  ratio  to  the  population,  I  beg  to 
exhibit  the  following  details  of  their  sequence,  and  other  requisite 
particxilars,  for  each  month  of  the  year : — 


January, 

February, 

March, 

April, 

May, 

June, 

July, 

August, 

September, 

October, 

November, 

December, 


1,530,  of  which  763  were  males,  and  767  females. 


1,401 

684 

717 

1,715   , 

865 

850 

1,704   , 

848 

856 

1,547 

802 

745 

1,615 

819 

796 

1,583 

823 

760 

1,462 

730 

732 

1,408 

722 

686 

1,483   , 

769 

714 

1,504 

831 

673 

1,538   , 

,    762 
9,418 

776 

8,490 

9,072 

As  usual,  the  male  births  preponderate  over  those  of  females; 
and  likewise,  as  usual,  the  second  quarter  of  the  year  exhibits 
a  preponderance  of  births  over  any  other  trimestrial  period,  the 
sequence  being, — 

First  three  monUis, 4,646 

Second         „  4,866 

Third  „  4,453 

Fouiih         „  4,525 
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But,  as  if  to  vindicate  the  year's  claim  to  be  regarded  as  in  man j 
matters  an  exceptional  one,  the  usual  preponderance  of  births  in 
April  or  May  over  any  other  month,  which,  however,  in  1868  had 
been  transferred  to  June,  is,  in  1869,  handed  back  to  March,  for 
it  alone  records  1,715  births,  while  the  monthly  average  of  the 
year  is  1,541.  No  doubt,  April  almost  maintains  its  usual  place; 
still,  it  is  9  births  behind  upon  this  occasion.  It  is  not  among 
our  own  population  only  that  the  usual  preponderance  of  the  second 
quarter  of  the  year  is  experienced,  but  it  is  a  general  feature  of 
our  country;  while  in  many  of  the  Continental  nations,  February 
and  March  are  generally  observed  to  be  the  most  prolific 
months. 

A  summary  of  the  mortality  of  1869  for  each  month,  distinguish- 
ing ages  and  sexes,  is  shewn  in  the  following  table : — 


M&len. 

Females. 

Total. 

Under 

Five 

Years. 

Five  to 
Twenty. 

Twenty 
to  Sixty. 

Sixty 

and 

npwftrda. 

January,  . 

688 

708 

1,396 

687 

166 

365 

178 

February, 

675 

648 

1,323 

696 

107 

369 

151 

March, 

893 

875 

1,768 

890 

198 

476 

204 

April, 
May, 

745 

730 

1,475 

708 

171 

420 

176 

701 

680 

1,387 

682 

142 

417 

146 

June, 

657 

652 

1,309 

602 

170 

386 

151 

July, 

639 

582 

1,221 

605 

154 

345 

117 

AUjE^st, 

495 

518 

1,013 

468 

116 

321 

108 

September, 

443 

472 

915 

400 

122 

297 

96 

October,    . 

5()2 

478 

980 

472 

125 

261 

122 

November, 

045 

608 

1,313 

604 

129 

403 

177 

December, 

757 

783 

1,540 

725 

128 

450 

237 

7,840 

7,800 

15,640 

7,639 

1,728 

4,510 

1,863 

Here  it  will  be  observed  that  there  is  a  slight  preponderance  of 
male  over  female  mortality,  which  is  almost  invariably  the  case  in 
Glasgow.  As  a  general  rule,  however,  taking  the  whole  of  Scotland 
into  view,  the  preponderance  is  upon  the  other  side;  for  in  the 
whole  period  of  thirteen  years,  from  1855  to  1867,  both  inclusive,  it 
only  happened  once — viz,  in  1856 — ^that  the  male  deaths  were  in  a 
majority;  and  this  was  found  to  be  the  case  in  that  year,  both  in 
the  rural  and  in  the  town  districts.  As  a  general  rule,  however, 
the  female  deaths  exceed  those  of  the  males,  not  only  in  the  rural 
districts  of  Scotland,  but  in  the  kingdom  as  a  whole ;  while  in  the 
town  districts  the  proportions  fluctuate;  for  in  the  thirteen  years  in 
question,  the  female  deaths  were  nine  times  in  the  ascendant,  and 
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in  four,  the  male  deaths  occupied  that  position;  and  yet,  during 
that  long  period,  which  included  408,355  deaths  in  the  town 
districts,  the  preponderance  of  female  deaths  in  so  large  a  number 
only  amounted  to  1,877.  On  the  other  hand,  in  the  rural  districts 
(excluding  the  islands,  and  these  present  similar  results),  which 
exhibit  a  total  during  the  period  in  question  of  420,435,  or  not 
greatly  more  than  that  of  the  town  districts,  the  female  preponder- 
ance was  2,743. 

These  are  merely  results;  but  the  following  comparative  details 
of  the  mortality  of  the  sexes  in  Scotland,  during  the  decennary 
extending  from  1856  to  1865,  will  be  found  interesting.  It  follows 
the  classification  already  alluded  to : — 


DlviBionn. 

Population  in  1861. 

Malo  Deaths 
in  Ten  years. 

Female  Deaths 

MAles. 

Females. 

in  Ten  years. 

Principal  Towns,  . 
Larse  Towns, 
Sm^  Towns, 
Eural  Districts,     . 

407,839 
119,602 
239,074 
683^333 

477,116 
134.428 
265,223 
735,679 

124,631 
30,981 
63.307 

119,186 

125,363 
31,438 
53,826 

121,450 

1,449,848 

1,612,446 

328,105 

332,077 

It  will  thus  be  observed  that  in  every  one  of  these  divisions,  as 
well  as  in  each  aggregate,  the  female  element  preponderates,  not 
only  in  the  numbers  alive,  but  in  the  numbers  who  die.  But 
looking  to  the  prodigious  disparity  in  the  proportions  of  the  two 
sexes,  with  respect  to  life  and  with  respect  to  death — reflecting 
that  while  the  living  females  are  here  shewn  to  exceed  the  living 
males  by  fiilly  11  per  cent,  (the  precise  fractions  are  not  here 
requisite),  and  the  mortality  of  the  females  only  exceeds  that  of  the 
males  Jby  1^  per  cent. — it  follows  as  a  necessary  consequence,  that 
male  life  must  be  terribly  more  subject  to  fatalities  than  female 
life  is. 

The  following  figures  indicate  the  respective  rates  of  mortality 
during  the  same  ten  years,  arranged  according  to  the  divisions 
already  given.  Of  course,  it  must  be  borne  in  mind  that  these 
rates  of  the  respective  sexes  are  not  applicable,  to  the  whole  popu- 
lation, but  that  the  calculations  as  to  male  deaths  apply  to  the  male 
population  only,  and  the  female  deaths  to  the  female  population 
only.  The  combined  rate '  of  the  mortality  of  the  two  sexes  is, 
however,  separately  exhibited. 
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IMmiuoB. 

Pier  Obom'^  of 
IFcDftk  Deaths. 

Taiil 
PttrOeoavB. 

lAiye  Tuwxis, 
JSiiiful  Towns, 

3-(^ 
2-9(13 
2-233 

2-627 
2-338 
2ilS9 

2-825 
2-457 
S-U4 

TdUl  Tows  Disfancti,   . 
Karal  XHrtrictB, 

27S 
1^44 

2^402 
'       1-651 

2-551 

i-eas 

AllSoutlaod, 

2-263 

2-0S9 

2156 

A  wHTS  curborr  glanoe  at  this  table  indicates  most  forciblv  how 
Liglily  artificial — in  fact,  how  entirely  abnormal — \&  the  homaa 
life  which  ui  Bpent  among  the  masBes  of  individuals  who  cansiitute 
towns. 

As  a  matter  of  oourse,  by  remoring  the  decimal  point  a  single 
place  to  the  right,  we  shall  ascertain  the  mortality  per  1,000,  that 
being  the  ratio  now  most  usually  quoted  with  respect  to  vital 
atatiiitics ;  and  we  then  find  that,  while  in  the  great  towns  of  Soot- 
land  the  mortality  during  an  average  of  these  ten  recorded  years 
waM  found  to  l>e  28*25  in  the  1,000,  it  fell  in  the  next  class  of  townB 
Ui  24'57,  in  the  small  towns  to  21'24,  and  in  the  rural  districtSy 
which  embrace  nearly  one-half  of  the  entire  population,  it  was  so 
low  iM  IC'95,  or  a  fraction  under  17  in  the  1,000.  I  may  add  tliat 
th($  ii(;giiitrar-Gencral  of  England  is  of  opinion,  that  a  figure  some- 
tliiiig  like  this  last  given  is  the  natural  and  proper  ratio  for  Great 
Jiritaiii,  and  tliat  any  advance  upon  it  is  attributable  to  causes 
whicli  men  have  it  within  their  own  power  to  obviate.  I  fear  that 
it  will  require  a  good  deal  of  education  to  be  bestowed  upon  our 
own  community  before  a  consummation  so  desirable  is  accomplished. 

The  number  and  relative  proportions  of  the  marriages  celebrated 
during  1809,  as  well  as  the  i>eculiarities  which  mark  their  periodi- 
cal iluctuations,  have  l>een  already  noticed  upon  preceding  pages, 
and  I  now  )jeg  to  exhibit  their  monthly  sequence  during  the  year, 
thus : — 


January,     ....    5.Tr 


February,  . 
March, 
April, . 
May,  . 
June,  . 
.hily,  . 
Au^iat, 


223 
250 
273 
215 
551 
600 
240 


September, . 
October, 
November,  . 
December,  . 


Total,    . 


.  271 

.  288 

.  442 

.  331 

.4^221 


Average  per  Month,    .        .    351f 
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A  glance  at  these  figures  will  sufficiently  verify  the  remarks 
already  offered  upon  the  subject  of  the  regularity  of  the  recurrence 
of  the  periodical  fluctuations  of  marriage. 

I  beg  therefore  to  dismiss  the  subject  with  a  table  exhibiting  the 
marriages  of  every  month  in  Glasgow  during  the  last  nine  years. 
An  examination  of  the  details  will  further  verify  the  undeviating 
existence  of  the  peculiarities  already  discussed,  while  it  furnishes  a 
very  extended  field  for  observation. 


1861  TO  1869. 

1889. 

1868. 

1867. 

1866. 

1865. 

1864. 

1868. 

1863. 

1861. 

JaDTiary, 

637 

511 

524l  566 

548 

524 

482 

410 

390 

Febnuuy, 

223 

223 

227 

267 

250 

239 

240 

194 

199 

March,  . 

250 

231 

237 

223 

229 

222 

252 

232 

209 

April,  . 
May,  . 

273 

228 

259 

308 

198 

284 

246 

202 

239 

215 

144 

169 

206 

221 

204 

171 

145 

164 

June,  . 

551 

473 

493 

557 

528 

454 

460 

451 

406 

July,  . 

600 

530 

536 

532 

559 

510 

512 

481 

466 

Angost, 

240 

253 

237 

258 

238 

254 

200 

220 

194 

September,  . 

271 

253 

271 

303 

256 

272 

231 

254 

262 

October, 

288 

257 

257  315 

322 

287 

312 

258 

264 

November,  , 

442 

396 

385 

421 

439 

379 

407 

305 

354 

December,  . 

• 

331 

315 
3,814 

327 

360 
4,316 

380 
4^168 

350 
3,979 

312 

305 

333 
3,480 

4,221 

3,922 

3,825 

3,457 

THE  INFANTILE  MORTALITY  OF  1869. 

As  usual,  I  devote  a  brief  but  separate  paragraph  to  the  in&ntile 
mortality  of  the  past  year.     That  of  1869  will  be  observed,  by  a 
reference  to  the  table  given  upon  page  276,  to  have  amounted  to 
48*20  per  cent,  of  the  whole ;  yet,  unsatisfactory  as  this  rate  is,  it 
really  falls  by  nearly  2  per  cent,  under  that  of  the  preceding  year. 
The  following  table  exhibits  in  detail  the  inflEuit  deaths  as  they 
occurred  in  each  registration  district  of  the  city,  together  with  a 
comparative  statement  of  the  proportion  of  these  deaths  to  the 
whole  deaths  in  each  district.     It  will  be  found  to  range  firom  56*81 
in  the  Clyde  district,  down  to  38*48  in  the  Central  district,  and 
few  readers  will  be  prepared  for  another  of  those  peculiarities  so 
continually    presenting    themselves, — that    while    the    aggregate 
amount  of  deaths  in  the  Central  and  High  Church  districts  is 
in  each  very  much  greater  than  in  any  other  district  of  the  city, 
the  ratio  of  in&ntile  mortality  is  likewise  in  each  the  lowest  of 
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them  all.  The  number  of  infantile  deaths  will  be  noticed  to  vary 
by  a  trifle  from  that  given  upon  page  276,  but  some  discrepancy  is 
almost  inevitable,  arising  from  the  difierent  modes  of  ascertaining 
the  particulars,  and  it  is  scarcely  to  be  obviated,  without  devoting 
more  time  and  labour  to  their  absolute  verification  than  is  requisite 
for  the  purposes  in  view.  These  slight  diflerences  cause  this  table 
to  exhibit  47^  per  cent,  as  the  ratio,  which  in  reality  presents  a 
variation  of,  as  neai-ly  as  may  be,  only  |  per  cent,  from  the 
result  shewn  by  the  other  table.  This  last,  however,  I  regard 
as  the  more  reliable  of  the  two  with  respect  to  aggregate;  but  the 
details  given  in  the  following  table  are  of  considerable  interest  with 
respect  to  this  particular  subject. 

THE  INFANTILE  MORTALITY  OF  1869,  ARRANGED  IN 

REGISTRATION  DISTRICTS. 


BefciBtration 
Districts. 

Under 
One  Tear. 

One  Year 

and 

nnder 

Twa 

TwoYeare 

and 

nnder 

iHve. 

Total 

Deaths 

nnder 

Five. 

Total 

Deaths 

ataU 

Ages 

in  each 

District 

r 

Proportioii, 

nader 

Fire  to 

the  whole 

Deaths  in 

the 
District 

Central,     . 

High  Church, 

Bndgetozi, . 

CaltoD, 

Clyde, 

Bl^hswood, 

Milton, 

Anderston, 

Tradeston,. 

Hutchesontown, 

493 
412 
394 

298 
256 
148 
320 
345 
306 
388 

239 
271 
295 
197 
152 
79 
142 
218 
188 
269 

238 
299 
276 
213 
159 

69 
179 
206 

98 
282 

970 
982 
965 
708 
567 
296 
641 
769 
592 
939 

2,620 
2,508 
1,800 
1,294 
998 
736 
1,217 
1,422 
1,440 
1,707 

Percent 

38*48 
39-15 
53-61 
54-71 
66-81 
40-27 
5i2-61 
541)8 
41-11 
55  DO 

3,360 

2,050 

2,019 

7,429 

15,641 

47-48 

THE  HIGH  MORTALITY  OF  1869. 

In  many  of  the  preceding  pages  this  topic  has  been  adverted  to 
in  detail;  but  before  finally  leaving  the  Vital  Statistics  of  the 
city,  allow  me  to  revert  to  it  briefly. 

The  very  high  and  exceptional  mortality  of  the  year  has 
naturally  attracted  a  very  large  amount  of  interested  attention 
to  the  subject,  and  many  theories  have  been  suggested  and  much 
valuable  discussion  elicited.  No  universally-accepted  explanation 
has,  however,  yet  been  propounded;  and  it  is  obvious  that  still 
further  observation,  discussion,  and  induction  will  be  required 
before  we  arrive  at  a  solution  of  the  momentous  question.     The 
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pollution  of  the  river — the  filthy  condition  and  improvident  habits 
of  a  portion  of  the  population — ^intemperance — the  excessive  issue 
of  smoke — ^the  depression  in  trade — the  faulty  nature  of  the 
architecture  of  the  older  portions  of  the  city — ^the  overcrowding 
long  noticed,  but  more  recently  aggravated,  through  the  removal 
of  many  tenements — and  the  tenacity  with  which  the  people 
ejected  cling  to  certain  localities, — all  these,  and  others,  as  well 
as  the  effects  of  atmospheric  influences,  have  each  had  their 
supporters;  but  I  fear  that  we  must  regard  them  as  all  combined 
in  a  greater  or  less  degree,  but  especially  with  the  last-named 
element,  to  produce  the  effeict  in  question.  We  must  bear  in 
mind,  too,  that  similar  causes  are  always  more  or  less  at  work 
among  us,  and  that  the  rate  of  our  city  mortality  is  not  steadily 
progressive,  but  wandering,  uncertain,  and  spasmodic.  In  illus- 
tration  of  this,  let  me  remind  you  that  while  the  mortality 
of  1861,  1862,  and  1863,  advanced  somewhat  steadily,  that  of  1864 
and  1865  was  little  else  than  stationary;  again,  in  both  1866  and 
1867,  it  actually  fell  considerably  under  that  of  any  one  of  the 
three  preceding  years;  then  1868  rose  to  be  equal  to  1865;  and, 
lastly,  as  we  well  know,  1869  made  a  sudden  and  fatal  bound. 
It  is  impossible  thus  early  to  form  any  estimate  of  1870;  but 
it  is  gratifying  to  find  that  the  aggregate  mortality  of  the  first 
three  months  ranges  even  7  per  cent,  under  that  of  the  cor- 
responding three  months  of  1869,  while  March,  taken  by  itself, 
is  greatly  more  favourable. 

The  majority  of  opinions,  upon  the  subject  of  the  increased  mor- 
tality that  has  been  experienced  during  last  year,  seems  to  lay  the 
leading  stress  upon  overcrowding  and  its  consequences;  and  doubt- 
less much  of  the  evil,  but  not  all,  is  attributable  to  this  important 
cause.  It  is  one,  nevertheless,  extremely  difficult  to  grapple  with, 
for  it  is  singular  with  what  tenacity  the  humbler  class  of  our 
fellow-citizens  cling  to  localities.  The  destruction  of  their  houses, 
and  the  natural  yearning  for  fresh  air  and  open  prospects,  are  all 
overbalanced  by  this  strange  infatuation  for  herding  together  in 
communities.  I  shall  offer  four  illustrations  of  this  fact;  and  for 
this  purpose  I  select  them  from  one  of  the  most  densely-populated 
portions  of  "the  city,  which  at  the  same  time  is  marked  by  the  pecu- 
liarity of  having  been  the  chief  theatre  of  the  operations  of  the 
Union  Railway  Company,  and  of  the  City  Improvement  Trustees ; 
and  the  following  is  a  statement  of  the  number  of  families  found 
in  these  respective  blocks  towards  the  end  of  the  spring  in  each 
of  the  last  four  years. 
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The  first  is  that  bounded  by  Saltmarket  on  the  west.  South 
St.  Mungo  Street  on  the  east,  Greendyke  Street  or  the  Green 
on  the  south,  and  by  the  Gallowgate  on  the  north.  Well,  then, 
the  number  of  families — for  I  have  no  means  of  particularizing 
the  individuals — stood  thus : — 

1866,  1867,  1868,  1869, 

2,015;  1,983;  1,936;  2,020; 

and  yet  you  all  know  how  much  property  to  the  east  of,  and 
parallel  with,  Saltmarket  has  been  removed  during  the  period. 

The  next  block  is  that  bounded  by  Candleriggs  on  the  west. 
High  Street  on  the  east.  Cannon  Street  and  continuous  lane  on 
the  north,  and  Trongate  on  the  south.  And  how  stands  it  here? 
The  sequence  of  numbers  is — 

1,292,  1,295,  1,286,     and     1,289. 

The  third  block  I  shall  advert  to  is  the  large  and  dense  one 
bounded  by  Trongate  on  the  north.  East  Clyde  Street  on  the  south, 
Stockwell  on  the  west,  and  Saltmarket  on  the  east ;  and  here,  you 
know,  the  Union  Railway  makes  a  diagonal  sweep  through  the  entire 
block.  The  numbers  were  found  to  be  in  the  same  sequence — 
3,300,  2,995,  3,025,     and     3,001. 

The  last  block  I  allude  to  is  the  considerable  and  squalid  one 
bounded  by  High  Street  on  the  west,  Hunter  Street  on  the  east,  Old 
Vennel  and  Graham  Street  on  the  north,  and  Gallowgate  on  the 
south ;  and  here  also,  you  are  aware,  the  Union  Railway  strikes  dia- 
gonally through  the  entire  space.    The  numbers  were  found  to  be — 

1,677,  1,689,  1,674,     and     1,676. 

Thus  these  four  blocks  which  I  have  divided,  although  forming 
one  connected  area,  have  been  found  to  contain,  in  all, — 

1866,  1867,  1868,  1869, 

8,284;  7,962;  7,920;  7,986; 

or  a  difference  of  almost  exactly  300  families.  I  shotdd  add  that 
these  8,000  families  are  located  upon  a  gross  area — including 
railways  and  clear  space — of  as  nearly  as  possible  90  acres;  thus 
giving  (if  we  adopt  the  family  number  as  five)  a  population 
of  440  individuals  to  the  acre  over  the  whole  space. 

Now,  these  are  startling  facts, — for  I  hold  them  to  be  facts, 
since  I  have  verified  them  from  the  books  of  the  Water  Com- 
missioners; and  each  individual  figure  given  represents  one  family 
assessed  for  water, — in  short,  each  figure  represents  an  inhabited 
house.  It  is  possible  that  in  the  earlier  years  of  the  period 
the  number  of  empty  houses  may  have   been   considerable,   and 


Mr.  Watson  on  the  Vital  cmd  Social  Statistics  of  Glasgow.    283 

that  they  have  since  become  occupied;  but  still  the  fact  remains, 
that  in  an  area  whose  available  uses  are  very  greatly  circum- 
scribed, the  population  has  remained  until  last  year  almost 
unaffected  by  the  changes  going  on  around.  I  fear  that  this 
continued  amount  of  population  arises  from  the  subdivision  of 
holdings,  and  that  dwelling-houses^  which  at  one  time  consisted 
of  two  or  more  apartments,  now  accommodate  a  greater  number 
of  families  than  before.  It  is  quite  aside  from  the  subject  to 
complain  of  single  apartments  being  each  occupied  by  a  fjEimily, 
for  such  has  always  been  the  case,  and  apparently  will  continue 
to  be  the  case,  much  as  it  is  to  be  regretted.  The  chief  evil 
arises  when  a  dwelling-house  becomes  subdivided  into  single 
apartments,  each  entering  through  its  neighbour,  in  place  of 
each  opening  only  upon  a  well- ventilated  staircase  or  corridor. 
Some  readers  may  not  be  prepared  to  learn  that,  at  the  census 
of  1861,  more  than  28,000  houses  in  Glasgow  were  found  to  consist 
of  but  a  single  apartment,  and  above  32,000  to  consist  of  two;  so 
that  of  the  whole  82,000  families  composing  the  city,  upwards  of 
60,000  were  housed  in  dwellings  of  one  and  two  apartments  each. 

Let  us  make  an  attempt  to  ascertain  the  sanitary  relations  of  this 
area.  Well,  then,  without  going  into  details  very  minutely,  and 
regarding  this  rather  as  a  general  statement,  we  shall  arrive  at  the 
following  general  data  as  to  the  year  1869.  The  population  was,  as 
nearly  as  may  be,  one-twelfth  of  the  whole  city;  the  mortality  from 
all  causes  was  about  one-tenth  of  the  whole;  and  the  mortality 
from  certain  diseases,  as  compared  with  the  total  mortality  from 
the  same  diseases,  stands  approximately  as  follows : — Scarlet  fever, 
one-twelfth;  hooping-cough,  one-twelfth;  constimption,  one-eleventh; 
diarrhoea,  one-ninth;  measles  and  typhus  fever,  each  from  one- 
seventh  to  one-eighth;  and  bronchitis  and  diseases  of  the  respira- 
tory organs,  one-ninth. 

On  referring  to  Dr.  Gairdner's  sanitary  map  of  the  city,  which  he 
divides,  for  professional  and  official  purposes,  into  fifty-four  districts, 
I  find  that  the  area  which  I  have  here  selected  includes  his  four 
districts,  21  to  24,  two  districts  30  and  31,  about  two-thirds  each  of 
29  and  32,  and  about  one-eighth  of  20.  In  1861,  this  area  of 
90  acres  contained  a  population  of  41,000,  or  between  one-ninth 
and  one-tenth  of  the  population  of  the  city;  so  that  the  entire  popu- 
lation, if  arranged  with  a  similar  density,  might  have  been  crowded 
upon  less  than  860,  in  place  of  the  5,034  acres  included  within 
the  municipal  boundaries.  Looking  to  the  uniformity  of  tenure 
exhibited  in  this  comparison  of  four  years,  we  m&^  t^^^^  >^^ 
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population  of    the   area   in    question  to   have   been   stiU   in   the 
proximity  of  40,000,  as  already  stated,  altho\igh  it  is  reduced  now. 

This  calculation  exhibits  only  the  population  found  to  be  actually 
resident  upon  a  particular  spot  of  ground,  but  of  course  it  is  an 
exceptional  instance.  Still,  if  we  exclude  Liverpool,  Glasgow  is, 
as  a  whole,  the  most  closely-built  city  in  great  Britain.  In  Glach 
gow  the  aggregate  population  upon  an  acre  is  92^;  in  Liverpool^ 
101*3;  and  in  Manchester,  83*6;  and  yet  we  all  know  how  large 
are  the  spaces  of  unbuilt  ground  around  us,  although  within  the  dty 
boundaries,  especially  to  the  north-east;  but  all  is  being  gradually 
covered  over.  Of  the  nineteen  largest  towns  in  Great  Britain^  with 
the  addition  of  Dublin  for  comparison,  the  average  density  of  the 
population  is  33*6  to  the  acre.  I  ought,  however,  not  to  omit  to 
mention  that  this  average  is  considerably  reduced  by  the  enormous 
areas  embraced  within  the  boroughs  of  Leeds  and  Sheffield,  which 
reduce  their  densities  to  12*  and  10*8  per  acre  respectively.  Indeed, 
so  considerable  is  their  influence,  that  were  these  two  struck  out  of 
the  list,  the  remaining  eighteen  cities  and  boroughs  would  exhibit  a 
density  of  almost  precisely  39  \,  The  following  is  a  Ust  of  these  twenty 
cities  and  boroughs,  arranged  according  to  the  measure  of  density : — 


Cities  and  BoronghB. 

Area  in  Acres. 

Estimated  Population 
in  the  middle  of  1870. 

Persona  per  Aera 

Liverpool, 

6,108 

617,567 

101-3 

Glasgow,* 

6,063 

468,189 

92-6 

Manchester,  . 

4,486 

374,993 

83-6 

Birmmgham, 

7,831 

369,604 

47-2 

Nottingham, . 

1,996 

88,888 

44-5 

London, 

77,997 

3,214,707 

41-2 

Edinburgh,  . 

4,427 

178,970 

40-4 

Hull,     . 

3,6t;2 

130,869 

36-7 

Bristol, . 

4,688 

171,382 

36-6 

Dublin, 

9,745 

321,540 

33-0 

Leicester, 

3,200 

97,427 

30-4 

Newcastle-on-Tyne, 

6,336 

133,367 

25- 

Salford, 

5,172 

121,580 

23-6 

Bradford, 

6,590 

143,197 

21-7 

Wolverhampton,  . 

3,387 

72,990 

21-6 

Sunderland,  . 

4,821 

94,257 

19-6 

Portsmouth, . 

9,613 

122,084 

12-8 

x^eecis,  ... 

21,572 

259,527 

12- 

Norwich, 

7,472 

81,087 

10-9 

Sheffield, 

Total, 

22,830 

247,378 

10-8 

214,796 

7,209,603 

33  6 

*  A  detailed  statement  of  the  areas  of  the  various  parishes  which  are  in- 
cluded within  the  municipal  boiindary  of  Glasgow  discovers  the  fact»  that  while 
it  varies  to  no  great  extent  from  the  Government  area  given  here,  it  in  reality 
extends  to  £^034-538  acres. 
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In  connection  with  this  subject,  allow  me  to  add  that,  a  few 
years  ago.  Dr.  Littlejohn,  the  Health  Officer  of  Edinburgh,  being 
desirous  to  ascertain,  if  possible,  the  relative  bearings  of  over- 
crowding and  mortality,  divided  that  city  into  twenty  districts,  one 
of  them  being,  however,  of  a  "  landward  "  class,  and  after  deducting 
the  area  of  all  unoccupied  spaces  of  ground,  endeavoured  to 
ascertain,  in  each  of  the  remaining  nineteen,  the  proportion  of 
poptdation  to  each  inhabited  area — in  other  words,  its  density.  He 
then  ascertained  the  amount  of  mortality  in  each;  and  afber  cal- 
culating the  death-rate  in  each  of  these  areas,  prepared  a  table 
exhibiting  these  two  important  data.  I  have  taken  the  liberty  of 
recasting  that  table,  with  the  view  of  placing  it  more  tellingly  than 
in  the  original  form ;  and  in  so  doing,  have  adopted  the  death-rate, 
not  the  population,  as  the  guide  of  sequence,  beginning  with  the 
highest  on  the  list.  The  first  and  second  columns  accordingly 
eidiibit  the  districts  arranged  according  to  the  order  of  mortality; 
but  the  last,  which  I  have  taken  the  liberty  of  adding,  exhibits 
the  same  districts  numbered  in  the  order  of  the  density  of  the 
poptdation.  The  variation  in  the  two  scales  will  be  found  to  be 
somewhat  conflicting  and  remarkable. 


LocaUtj. 

Number  of 
District  in 

Mortality  per 
1,000  of 

Persons 
residing  on 

Nnmber  of 
same  Dis- 
trict in  the 

Mortality. 

Popolatioii. 

each  Acre. 

order  of 
Density. 

George  Square  and  Lauris- ) 
ton  (including  City  Poor-  > 

1 

37-46 

76-    ^ 

12 

house  and  two  Hospitals), ) 

Abbey,      .... 

2 

36-65 

48-6 

14 

Tron,         .... 

3 

34*55 

352-6 

1 

Grassmarket,    . 

4 

32-52 

237-6 

3 

West  End, 

.      5 

31-88 

44-2 

15 

Canon^te, 
Nichobon  Street, 

6 

31-23 

219-8 

5 

7 

29- 

286- 

2 

St  Giles,  .... 

8 

28-8 

234-8 

4 

Pleasance  and  St.  Leonards, 

9 

26-65 

150- 

6 

Fountainbridge, 

10 

25-2 

114-8 

9 

Momingside,     . 

11 

22-54 

8-1 

19 

Calton  and  Greenside, 

12 

22  12 

120-7 

8 

Newington, 

Upper  Water  of  Leith, 

13 

21-79 

39-9 

16 

14 

19-46 

88- 

11 

Broughton,        .         . 

15 

17-63 

48-9 

13 

Lower  Water  of  Leith, 

16 

17-58 

31-1 

17 

Upper  Newton, 

17 

17-38 

94-8 

10 

Lower  Newton, 

18 

15-47 

126-3 

7 

Grange,     .... 

19 

13-78 

15-9  J 

18 

It  would  be  difficult  to  compare  two  scales   having  «io  l\^^Vi 
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apparent  connection  with  each  other  as  the  Erst  and  last  exhibited 
upon  the  preceding  table.  Indeed,  it  seems  impossible  to  draw 
a  reasonable  deduction  of  any  value  from  them,  or  to  attempt  to 
reconcile  them;  and  I  think  that  most  of  my  hearers  will  agree 
with  me  in  opinion,  that  the  reasonable  inference  to  be  drawn 
both  from  the  Glasgow  and  from  the  Edinburgh  tables  is,  that 
mere  overcrowding  is  not  of  itself,  however  deplorable,  an  entirely 
reliable  measure  of  the  death-rate,  but  that  there  must  be  other 
disturbing  elements  at  work,  and  possibly  at  war,  and  so,  perhaps, 
neutralizing  each  other,  to  be  taken  into  account;  the  elements, 
possibly,  of  the  variations  of  the  human  constitution, — of  the  soil, 
— of  the  sewage, — of  ventilation, — of  the  supplies  of  light  and 
water, — and,  I  am  sorry  to  place  prominently,  the  very  greatly 
enhanced  cost  of  animal  food, — all  infinitely  commingled.  We  may 
well,  therefore,  be  pardoned  for  avoiding  to  draw  authoritative 
conclusions,  and  feel  that  we  are  still  only  learning— only  groping. 
Every  statistical  truth,  however — every  tabular  exhibition  of 
ascertained  facta — is  adding  its  contribution  to  the  great  recep- 
tacles of  knowledge,  and  lends  its  aid,  however  humble,  towards 
solving  the  momentous  problem  upon  which  we  are  all  engaged. 


The  reading  of  the  paper  was  followed  by  a  discussion,  of  which 
the  following  is  a  vidimus : — 

Dr.  Gairdner,  with  reference  to  what  had  been  said  regarding  soft 
and  hard  water,  strongly  advised  the  citizens  not  to  be  disquieted 
by  the  remarks  which  had  been  made  recently,  as  the  water  was  not 
the  cause  of  the  high  rate  of  mortality  in  Glasgow.  As  to  what 
had  been  stated  in  France  about  soft  water  tending  to  the  decay  of 
physical  power,  he  pointed  to  the  stalwart  men  of  the  Highlands, 
where  the  water  was  almost  absolutely  pure.  He  thought  it  was 
right  that  we  should  face  the  evils  which  we  had  to  deal  with  in 
all  our  towns,  and  especially  our  great  industrial  cities.  A  diffi- 
culty of  a  very  serious  kind  which  we  had  to  contend  with  was 
this,  that  our  country  districts  are  depopulating  themselves 
gradually  into  towns.  Now,  if  it  was  only  the  population  that 
would  be  useful  and  necessary  in  towns,  we  might  congratulate 
ourselves  upon  that  fact;  but  from  land  falling  into  few  hands  in 
the  country,  the  refuse  of  the  population  was  coming  into  the  great 
towns,  and  the  question  arose,  How  are  we  to  deal  with  iti     It  is 
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perfectly  clear  that  if  we  are  to  go  on  as  we  have  been  doing  for 
many  generations  in  Glasgow — bringing  the  houses  down  to  the 
destitution  of  the  occupiers — we  cannot  fail  to  get  worse  and  worse, 
and  the  only  way  to  preserve  ourselves  in  a  moderate  state  of  purity 
and  health  is  by  keeping  up  the  standard  of  house  accommodation. 
We  must  enforce  cleanliness  and  ventilation,  and  secure  ourselves 
against  overcrowding;  in  fact,  we  must  make  it  clear  to  that  kind 
of  population  that  they  must  mend  their  habits  or  quit  their 
occupancy. 

Dr.  R.  Bell  held  that  the  cause  of  the  great  mortality  in  the  city 
was  not  due  so  much  to  faulty  house  construction,  bad  ventilation, 
or  even  to  pestilential  epidemics,  as  to  the  alarming  amount  of 
culpable  neglect  of  children,  if  not  in  many  cases  actual  infiEinticide. 
What  they  wanted  here  as  much  as,  if  not  more  than,  in  England, 
was  the- instituting  of  coroners'  inquests.  Except  the  perpetrators 
of  such  horrible  crimes  were  punished  in  a  crowded  city  like  this, 
where  opportunities  existed  of  getting  rid  of  children,  and  more 
especially  in  times  when  work  was  scanty  and  destitution  more 
prevalent,  they  could  never  hope  to  bring  down  the  death-rate  to 
its  legitimate  standard. 

Dr.  Gairdner,  referring  to  the  remarks  of  the  last  speaker, 
pointed  out  that  the  number  of  children  who  died  during  last  year 
was  less  than  half  of  the  total  number  of  deaths. 

Dr.  Lyon  said  that  they  never  would  be  able  to  control  diseases 
until  they  knew  something  of  their  origin,  and  possibly  not  even  then ; 
but  he  argued  that  systematic  inquiry  into  the  causes  of  prevalent 
and  regularly-recurring  diseases  was  necessary  to  a  right  estimate  of 
the  principal  sources  of  the  mortality  of  the  city. 

Dr.  James  Morton  thought  that  the  high  rate  of  mortality  was 
not  altogether  due  to  faulty  house  construction,  seeing  that  the 
death-rate  was  lower  now  than  thirty  years  ago,  when  the  houses 
were  inferior  to  those  of  the  present  day.  Dr.  Gairdner  had  spoken 
of  making  demands  on  the  authorities  which  would  astonish  them, 
and  he  thought  that  these  should  be  made  without  loss  of  time. 
He  held  that  the  authorities  were  to  blame  for  allowing  the  streets 
to  be  built  in  such  close  proximity  to  each  other;  spoke  of  the  im- 
portance of  having  all  houses  thoroughly  ventilated;  thought  that 
close  beds  should  be  prohibited;  and  advocated  the  appointment  of 
surveyors  for  the  city. 

Dr.  Cowan  suggested  various  measures  which  ought  to  be  adopted 
for  the  improvement  of  the  sanitary  condition  of  the  city,  and 
especially  the  abolition  of  the  smoke  nuisance.     The  excessive  ia- 
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fantile  mortality  of  the  city  was  its  reproach,  and  every  possible 
means  should  be  adopted  for  its  diminution. 

Mr.  Westlands  remarked  that  the  evil  of  overcrowding  had  been 
allowed  in  this  city  to  attain  a  height  which  was  discreditable  to 
our  boasted  civilization. 

Mr.  Macintosh  was  of  opinion  that  the  public  authorities  were 
much  to  blame  for  permitting  the  construction  of  narrow  mews  and 
lanes  behind  the  streets  in  the  West  End.  Many  of  these  lanes  came 
to  be  occupied  as  workslfops  and  workmen's  houses,  and  presented 
the  most  aggravated  forms  of  overcrowding. 

Mr.  W.  W.  Watson  made  a  few  remarks  in  reply,  which  closed 
the  discussion. 


V. — On  tJie  Appearance  and  Chemical  Constitution  of  Ancient  Glass 
found  in  Tombs  in  the  Isla/nd  of  Cyprus.     By  Mr.  John  M. 
Thomson. 


Read  before  the  Society,  March  23,  1870. 


The  collection  of  antiquities,  from  which  the  specimens  of  glass 
examined  were  taken,  was  discovered  during  the  excavation  of 
some  ancient  tombs,  of  Greek  or  Phoenician  origin,  in  the  island  of 
Cyprus.  These  excavations  were  made  under  the  direction  of  the 
Vice-consul  Mr.  Lang,  and  the  specimens  were  sent  to  this  country 
through  the  agency  of  Mr.  Robert  Walker  of  Letham  HUl,  by 
whom  they  were  presented  to  the  Hunterian  Museum.  They  are 
supposed  to  be  not  less  than  2,000  years  old. 

Associated  with  these  specimens  of  glass  were  found  several  articles 
of  pottery,  which  have  not  as  yet  been  particularly  examined. 
The  articles  of  glass  are  generally  small  in  size,  of  thin  construction, 
and  evidently  made  so  as  to  secure  extreme  lightness,  as  all  beads 
or  mouldings  on  them  are  made  hollow.  They  consist  of  small 
vials,  flasks,  and  several  round  basins,  some  of  which  Dr.  Young 
has  brought  for  exhibition  to  the  Society  this  evening. 

In  making  an  examination  of  the  glass,  several  preliminary  points 
had  to  be  attended  to.  As  obtained,  they  were  covered  with  a 
partial  coating  of  sand  and  clay,  which,  however,  could  be  easily 
removed  by  gentle  washing.  The  objects  were  then  found  to  be 
either  colourless  or  with  a  greenish  tint;  one  or  two  small  glass  vials 
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I  noticed  to  be  of  a  deep  purple  tinge.  They  have  in  general  also 
the  appearance  of  being  considerably  corroded;  and  in  some  parts, 
the  sur&ce  of  the  glass  is  covered  with  fine  scales  having  a  lively 
iridescence,  and  which  may  be  easily  removed  by  rubbing. 

The  glass  is  compact  in  appearance,  and  with  few  air  bubbles  of 
any  size  throughout  it.  The  flasks  seem  to  have  been  made  by 
blowing,  as  they  are  of  nearly  uniform  thickness  throughout ;  but 
the  bowls  appear  to  have  bee^  manufactured  diflerently,  as  they 
are  considerably  thicker  at  the  bottom  than  round  the  edges. 

The  specific  gravity  of  both  specimens  was  taken,  with  the  fol- 
lowing results  :— 

Specific  Gravity  of  the  Green  Glass  =  2*494. 
Do.  do.  White  Glass  =  2-613. 

From  which  it  appears  that  the  two  kinds  of  glass  agree  very 
closely  in  their  specific  gravities.  Upon  comparing  their  specific 
gravity  with  that  of  other  glass  which  does  not  contain  lead,  we 
find  them  nearly  to  correspond. 

Glass  found  in  Cyprus, 2*5 

Old  Bohemian  Glass  (Dumas), 2*4 

Mirror  Glass, 2*5 

The  specific  gravity  of  glass  in  general  varies  from  2*3  to  3*6, 
which  is  the  gravity  of  Faraday's  heavy  glass  used  for  optical 
purposes. 

The  analyses  of  these  two  specimens  give  us  the  following 
numbers  as  expressing  their  composition.  The  results  are  as 
follows : — 


Silica, 

Alumina,  . 

Oxide  of  Iron,   . 

Oxide  of  Manganese, 

lime. 

Magnesia, 

So&, 


Specimen 
of  Qreen  QIms. 


67-980 
2-550 
1-772 
2-700 
6-240 

17-610 


Specimi 
of  White  ( 


en 

GlMB. 


68-187 

2-700 

•822 

•925 

7-730 

Trace. 

18-460 


The  analyses  were  effected  in  the  usual  manner,  by  fusing  the 
glass  with  pure  alkaline  carbonates,  whilst  the  alkali  contained  in 
the  glass  was  determined  in  a  separate  portion  by  means  of 
hydrofluoric  acid. 


2dO  FkOampkieai  Soeieiif  of  Gkuffom. 

Upon  comparini;  the  resnits  witii  the  anaiYBes  of  .uiciCTit 
already  examined,  ^e  dnd  them  ail  very  similar  in  conipositioii : 
thna.  for  instance,  old  Roman  idaas  has  tke  following  coi]ipoBi> 
tion: — 


t 

4 

o 

1 

<3 

d 

S 

3 

^ 

90 

o 

^ 

aa 

3 
< 

J 

at 

3 

3 

1 

Roman  Baae, 

70-58 

I  SO 

•53 

0-48 

8-00 

18-86    • 

Flatted  Glaaa, 

71-05 

Trace. 

3 -45 

«>57 

7  33 

15-30 

Lachiymatoiy, 

71 -40 

215 

11/2 

•ill 

S14 

16-62 

The  following  is  the   anaiyaia  of  glasa  found  in  Pompeii,   and 
analyzed  under  the  superintendence  of  AL  Dumaa : — 

Siliea.  .Unmioa.  Iron.  ILuDgBneflei  ,'       Lime.  Soda.        < 


G9-43  3-55  115  0-39       I      7*24       .      17-31 


I 


We  see,  therefore,  that  these  glasses  are  essentially  all  silicates  of 
soda  and  calcium,  with  a  certain  quantity  of  iron  and  alamina, 
whicli  niay  liave  l>een  added,  or  which  may  have  been  extracted 
from  the  sides  of  the  pot  in  which  the  glass  was  manufeurtured,  by 
the  ;tctic>n,  of  the  alkali  when  in  a  state  of  fusion. 

Manganese  has  also  been  added  in  all  cases,  in  order  to  improve 
the  colour  and  to  oxidize  the  protoxide  of  iron,  so  as  to  remove 
the  coloiir  which  would  otherwise  have  been  caused  by  that  sub- 
stance. 

The  interest  attaching  to  these  analyses,  as  compared  with  that  of 
the  othei*s  rjuoted,  turns  upon  the  fact  that  the  ancients  used  the 
same  matei-ials,  and  veiy  nearly  in  the  same  proportions,  as  we  do 
now.  It  may  V>e  noticed,  however,  that  none  of  the  analyses  shews 
the  [>re8euce  of  potash,  and  that  only  certain  very  hard  modecn 
glasses  contain  thLs  alkalL  Another  fact  brought  out  by  the  analyses 
whicli  deserves  attention  is,  that  the  manganese  occurs  in  such  a 
quantity  as  to  indicate  that  it  was  added  intentionally,  and  does 
not  exist  merely  as  an  impurity.  Now,  the  use  of  manganese  at 
the  [>resent  time  is  to  remove  the  dirty  colour  produced  by  iron, 
and  it  seems  to  have  >>een  employed  by  the  ancients  for  the  same 
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purpose.  Some  of  the  small  flasks  previously  mentioned,  and  which 
I  have  not  had  an  opportunity  of  examining,  are  of  a  deep  purple 
colour.  This,  upon  analysis,  I  think,  will  probably  be  found 
to  be  caused  by  an  excess  of  manganese. 

A  third  point  of  interest  in  connection  with  these  specimens 
relates  to  the  iridescent  colours,  which  might  have  been  produced 
by  a  variety  of  causes. 

It  might  be  due  to  the  contents  of  the  vessels,  which  had  dried 
up,  thus  forming  a  thin  coating  upon  the  glass;  but  in  these 
specimens  the  coating  is  upon  the  outside,  the  inside  being  uniform 
and  dull.  It  might  also  have  been  produced  intentionally  in  the 
manufacture  of  the  glass.  After  all,  however,  it  is  more  probably 
caused  by  the  slow  decomposition  of  the  glass,  through  the  action 
of  moisture  and  carbonic  acid,  or  perhaps  of  some  salts,  such  as 
sulphates  or  chlorides,  in  the  soil,  in  which  they  seem  to  have  been 
imbedded  for  a  very  long  period. 

It  is  well  known,  from  numerous  experiments,  that  glass  Ib 
decomposed  more  or  less  readily  by  continued  boiling  with  water 
and  acids.  In  order  to  ascertain,  therefore,  if  this  ancient  glass 
resembled  in  this  respect  our  modem  ones,  a  quantity  of  it  in 
powder  was  digested  in  water  at  lOO*'  C,  for  forty-eight  hours.  As 
was  to  be  expected,  it  was  acted  upon  readily,  for  from  the 
green  glass  there  was  dissolved  out  5*25  per  cent.,  and  from  the 
white  4*17  per  cent.  The  substances  which  were  extracted  by  the 
water  were  silica  and  a  small  quantity  of  alkali.  The  residue  from 
this  extract  was  then  treated  under  the  same  circumstances  with 
dilute  hydrochloric  acid,  when  there  was  extracted  from  the  green 
glass  8*023  per  cent.,  and  in  the  white  glass  6*400  per  cent.,  in 
addition  to  the  quantity  which  had  already  been  removed  by  the 
water.  This  extract  consisted  of  the  oxides  of  iron,  alumina,  lime, 
and  some  alkali. 

As  this  test  to  which  the  glass  had  been  subjected  might  be 
considered  a  severe  one,  another  experiment  was  made  in  which 
the  natural  •  conditions  were  more  closely  followed.  Another 
portion  of  the  flnely-powdered  glass  was  suspended  in  water,  and  a 
current  of  carbonic  acid  passed  through  it,  by  which  the  following 
results  were  obtained.  From  the  green  glass  there  was  dissolved 
3*642  per  cent.;  and  from  the  white,  2*361  per  cent.  We  may 
conclude,  therefore,  that  the  glass  must  have  lost  some  part  of  its 
weight  during  its  long  entombment. 

Ancient  glass  contains  less  silica  and  more  alkali  than  the 
modem,  and  is  therefore  less  able  to  resist  the  action  of  solventM^. 
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It  is  probable,  also,  that  the  manu&u^ture  was  not  so  good,  and  the 
material  not  so  well  fused  together.  This  is  particularly  obvious  in 
two  of  the  bowls,  which,  by  the  long  exposure,  are  gradually  decom- 
posing ;  the  alkali  and  other  salts  are  being  withdrawn,  and  they  are 
gradually  passing  from  the  state  of  glass  into  a  porous  mass  of  silica. 
The  iridescence,  therefore,  is  probably  nothing  else  than  the 
gradual  scaling  off  of  portions  of  the  glass  in  plates,  thin  enough  to 
give  the  play  of  colour  seen  in  soap  bubbles,  and  in  Newton's 
rings. 

In  conclusion,  I  would  remark  that  if  we  may  judge  from  the 
peculiar  composition  of  the  glass  now  brought  under  the  notice  of 
the  Society,  its  difference  from  the  various  forms  of  glass  in  use  in 
our  time,  and  its  general  similarity  to  various  specimens  of  ancient 
glass  which  have  been  analyzed,  it  may  be  inferred  that  we  have  to 
do  here  with  examples  of  really  antique  manufacture.  At  the  same 
time,  considering  the  ability  displayed  at  the  present  day  in  the 
manufacture  of  relics,  we  woidd  require  to  be  guarded  in  expressing 
a  decided  opinion  on  the  age  of  this  glass. 

No  light  is  thrown  upon  it  by  the  mere  analysis,  unless  by  com- 
parison with  the  other  analysis  of  ancient  glass.  The  description, 
indeed,  of  the  specimens,  lies  within  the  field  of  the  archaeologist 
rather  than  the  chemist,  who  can  do  little  more  than  indicate  the 
substances  which  have  been  employed  in  its  preparation. 
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VI. — On  the  Syenitic  Rocks  of  Westfield^  near  Linlithgow,  with  Re- 
marks on  the  suitability  of  various  Rocks  for  Harbour  Works  and 
Street  Materials.     By  J.  Bryce,  M.A.,  LL.D.,  F.G.S. 


Read  before  the  Society,  May  4,  1870. 


About  six  miles  south-west  of  Linlithgow,  and  three  miles  north- 
west of  Bathgate,  an  elliptic  boss  of  syenitic  rock  rises  up  through 
the  ordinary  trap  of  the  Bathgate  hills.  It  is  about  a  mile  in 
length,  and  from  a  quarter  to  half  a  mile  wide  at  the  broadest 
part,  and  rises  in  an  elongated  ridge,  considerably  higher  than 
the  trap  round  its  borders.  The  appearances  presented  at  the 
junction  clearly  shew  that  the  syenite  has  been  erupted  through 
the  trap.  It  is  thus  of  later  origin  than  the  adjoining  traps,  and 
is  intimately  related  to  other  syenites  in  various  parts  of  the 
country,  which  seem  to  be  the  latest  of  the  igneous  outbursts  of 
plutonic  rock  which  have  invaded  the  sedimentary  beds. 

The  elliptic  ridge  is  flat-topped,  the  syenite  shewing  here  and 
there  upon  it;  at  the  sides  it  breaks  down,  in  some  places  very 
steeply,  towards  two  rivulets,  bounding  it  on  either  side.  When  it 
breaks  down  thiis,  the  structure  of  the  rock  is  well  seen.  It  is 
divided  by  vertical  joints,  crossed  by  others  nearly  horizontal,  into 
rhomboidal  masses,  which  are  often  of  enormous  size;  and  so  great 
facilities  for  quarrying  are  presented.  When  this  system  of 
jointing  is  on  a  small  scale,  the  rock  puts  on  that  pillared  or 
columnar  structure  so  common  among  basalts  and  porphyries,  and 
sometimes  seen  in  granites  and  granitic  syenites. 

The  structure  now  described  shews  that  this  rock  has  the 
position  and  internal  arrangement  of  an  erupted  and  overlying 
rock,  and  not  that  of  a  dike,  the  prismatic  masses  of  which  are 
placed  horizontally.  It  is  therefore  not  probable  that  the  rock  has 
any  greater  superficial  extent  than  is  here  seen,  or  that  it  would  be 
found  intersecting  any  of  the  coal  workings  which  lie  to  the  east  of 
it.  It  seems  confined  to  the  limits  I  have  mentioned;  but  within 
these,  it  is  in  quantity  almost  inexhaustible.  The  want  of  horizon- 
tality  in  the  cross  jointing  gives  the  rock,  in  the  facades  that  have 
been  opened  on  both  sides,  a  lean  over  towards  the  north ;  and  this 
is  rather  an  advantage  as  regards  quarrying,  from  the  situation  of  t\!L^ 
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point  at  which  the  rock  is  moat  accessible  for  the  means  of  trans- 
port. 

The  rock  has  been  called  a  granite,  thongh  scarcely  with  pro- 
priety, in  the  strict  mineralogical  acceptance  of  that  term.     It  is, 
indeed,  a  triple  compound,  as  granite  is ;  but  one  of  the  component 
minerals  w  different.     Common  granite  is  a  compound  of  felspar, 
mica,  and  quartz ;  the  variety  called  ayenite,  from  Syene,  in  Upper 
Egypt,    where    it    was    largely   quarried   for   obelisks   and    temple 
columns,  has  hornblende  instead  of  mica,  and  is  thus  a  compound  rf 
felspar,  hornblende,  and  quartz.     Our  Westfield  syenite  has  the  two 
former  ingredients;  but  instead  of  quartz^  the  rarer  mineral  dipyre; 
fo  that  it  is  an  intimate  mixture  of  felspar,  hornblende,  and  dipjre. 
The  absence  of  quartz  removes  it  from  the  class  of  granitic  syenites^ 
and  places  it  in  that  of  the  trap  syenites.     This  slight  difference 
of  composition,   however,   in    no  way  interferes  with  those    niost 
Taluable  qualities  which  the  stone  has  in  common  with  the  tine 
syenites   and    other  granites,  while  for  some  purposes  it   renders 
it  even    superior   to    them.      Its    mineral    composition   renders    it 
incapable  of  receiving  a  £ne  polish,  and  so  unfits  it  for  monumental 
work,  or  ornamental  architecture ;  for  other  purposes  the  absence 
of  quartz  is  a  positive  advantage.     The  three  ingredients  are  in 
prismatic  forms;   and   owing   to  the  peculiar  state  of  crystalline 
aggregation  of  the  rock,  resulting  from  the  varied  interlacings  of  the 
prisms,  the   Westfield   syenite   has   a  most   remarkable  degree  of 
strength    and  toughness,   while    it    cannot   be   ground   down   into 
that  smooth,  polished,  glassy  surface  which  quartz  takes  on,  ren- 
dering  many  granites   slippery  and  dangerous  as  street  materiaL 
For  this  purj>ose  I  consider  the  Westfield  syenite  admirably  fitted; 
while   the  great  lengths  into  which  the  stone   in   the  quarry   is 
naturally  divided  would   render  it  very  suitable  for   kerb-stones. 
The  rock  Ls  entirely  free  from  cross  seams,  and  veins  of  iron  or 
spar,  such  as  traverse  many  rocks  of  this  class ;  and  it  contains  no 
free  iron,  so  as  to  oxidize  and  exfoliate  if  exposed  in  a  damp  situa- 
tion.    I   consider,  therefore,  that  it  is  well  adapted  for  harbour 
works;  while  its  great  toughness,  durability,  and  strength  would 
enable  it  to   resist,  better   than  any  rock  with  which  I  am  ac- 
quainted, all  those  causes  of  defacement  and  destruction  to  which 
stone  is  exposed  in  the  frontings,  and  upper  or  street  surfaces,  of 
quays  and  landing  docks. 

Tlio  remarks  just  made  on  the  Westfield  syenite  indicate  what  I 
consider  are  the  mineralogical  principles  which  should  guide  those 
whose  duty  it  is  to  select  street  materials.     These  should  be  such 
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as  ebaU  be  economical,  shall  wear  well,  without  being  expected  to 
be  absolutely  indestructible,  and  while  exempting  us  alike  from 
mud  and  dust,  shall  reduce  to  a  minimum  the  chances  of  accident, 
and  of  bodily  psin,  or  mental  suffering  and  anxiety  to  the 
patient  beasts  that  minister  so  largely  to  our  luxury  or  comfort. 
Every  humane  man  would  set  oven  this  latter  object  far  above  mere 
economy.  To  carry  it  out  with  the  maximum  of  economy  by  means 
of  an  indestructible  stone  is  impossible.  Such  a  stone  must  be 
a  fine-grained  quartzose  rock,  like  the  granite  of  Fumess,  used  in 
many  of  the  streets  of  this  city  as  a  road  material,  which  takes  on 
a  high  polish,  and  is  dangerous  in  the  extreme.  Other  granites  are 
leas  quartzose  and  more  destructible ;  but  no  rock  of  this  class  can 
equal  those  of  the  homblendic  class  in  that  aggregate  of  qualities 
which  is  required  to  combine  a  moderate  economy  with  safety  to 
onr  persons,  and  humane  treatment  of  the  horse.  These  rocks 
difTer  greatly  in  their  durability;  but  a  skilful  mineralogist  can 
always  distinguish  the  durable  sorts  from  those  which  will  wear 
badly.  An  abundant  supply  of  the  former  can  be  had  at  no 
great  distance  from  the  city  on  either  side.  Snch  rocks  mig^t 
at  least  be  used  on  the  steeper  streets  of  the  city,  and  on  the  in- 
clines at  the  bridges,  where  gravel  and  sand  are  now  strewn, 
in    practical    condemnation    of    the    rock    which    has    been    laid 

The  following  analysis  of  this,  syenite  by  Dr.  Stevenson 
Macadam  has  been  kindly  made  known  to  me  by  Thomas  Field, 
Esq.,  owner  of  the  property  at  Westfield.  Dr.  Macadam  considers 
the  rock  to  be  very  durable,  and  well  fitted  to  withstand  weather- 
ing, and  to  support  great  weights  and  strains. 
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VII. — On  China  Grass,  Rheea,  or  Ramee  Fibre,     By  Mb,  William 

Keddie,  F.R.S.E.,  Sea  Phil.  Soc. 


Read  before  the  Society,  May  4,  1870. 


The  fibre  from  which  the  Chinese  have  been  in  the  habit,  from  time 
inmiemorial,  of  manufacturing  their  celebrated  "  grass  cloth,"  is  the 
product,  not  of  a  grass,  but  a  nettle.  The  plant  has  long  been  known 
to  botanists,  first  as  the  Urtica  nivea  of  Willdenow,  and  the  Ramium 
majtis  of  Rumphius,  and  subsequently  as  Boehmeria  nivea  of 
Gaudichaud,  it  having  been  transferred  from  the  true  nettles  to 
a  separate  genus,  including  stingless  nettles;  and  derives  its 
specific  name,  meaning  "  snowy,"  from  the  white  under-surfece  of  its 
leaves.  Specimens  grown  in  Sumatra  were  brought  under  the 
notice  of  Dr.  Roxburgh  at  the  beginning  of  the  century,  when 
that  eminent  botanist  was  investigating  into  the  qualities  of  the 
vegetable  fibres  of  India,  and,  not  being  aware  of  its  specific  identity 
with  WilldenoVs  plant,  he  named  it  Urtica  tenacissima,  because 
it  was  the  strongest  fibre  which  he  had  met  with  in  the  progress  of 
his  researches.  The  plant  has  a  wide  geographical  range,  being 
cultivated  in  China,  Borneo,  Java,  Sumatra,  Singapore,  Siam,  in 
various  parts  of  India,  and  notably  in  Assam,  Rungpore,  and 
Dinagepore,  where  the  moist  and  warm  climate  is  peculiarly 
favourable  for  its  production.  Although  the  plant  had  been 
familiar  to  botanists  for  about  half  a  century,  and  quantities  of 
the  fibre  had  been  i^nported  into  this  country,  especially  betwixt 
the  years  1810  and  1816,  it  was  not  till  a  comparatively  recent 
period,  when  the  late  Sir  William  J.  Hooker  was  engaged  in 
obtaining  materials  for  the  Museum  of  Economic  Botany  at  Kew, 
that  he  discovered  the  fibre  in  question — viz.,  the  Caloee  of  Sumatra, 
the  Ramee  of  the  Malayan  Peninsula,  the  Rheea  of  Assam — ^to  be 
identical  with  the  Chu  Ma  of  the  Chinese,  with  which  they  fabricate 
their  grass  cloth. 

The  nettles  both  of  tropical  and  temperate  climates  are  character- 
ized by  the  tenacity  of  their  fibres.  The  fibre  of  the  common 
European  species,  Urtica  diaica,  has  been  found  suitable  for  the 
manufacture  of  paper  and  cloth.  Several  Indian  species  yield  fibres 
which  are  utilized  by  the  natives  for  the  manufacture  of  cordage, 
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nets,   and   textile  fabrics.      Boehvieria  puya  {Urtica  frutescens  of 
Roxburgh),  indigenous  to  the  lower  slopes  and  base  of  the  Hima- 
layas, from   the   Bhurrampootra   to   the   Ganges,   is   described   as 
resembling  the  Chinese  grass-plant,  and  as  yielding  a  fibre  but  little 
inferior.    In  Gharwal  and  Kumaon,  the  fibre  of  this  nettle  is  known 
as  Poee,  which,  further  east,  changes  into  Puya  or  Pooah.     Urtica 
creniUata,  common  in  Eastern   Bengal,  yields  a  white  and  strong 
fibre,  which,  however,  is  said  not  to  be  very  lasting.     The  fibre  is 
known  as  Chor  Putta.     This  species  represents  in  a  remarkable 
degree  another  characteristic  of  the  nettle  tribe — the  causticity  of 
their  juice.      The  effect  of  handling  this  plant  in  the  Calcutta 
Botanic  Garden  is  thus  described  by  Leschenault  de  la  Tour: — 
"  One  of  the  leaves  slightly  touched  the  first  three  fingers  of  my 
left  hand ;  at  the  time  I  only  perceived  a  slight  pricking,  to  which 
I  paid  no  attention.     This  was  at  seven  in  the  morning.     The  pain 
continued  to  increase :  in  an  hour  it  had  become  intolerable :  it 
seemed  as  if  some  one  was  rubbing  my  fingers  with  a  hot  iron.    The 
pain  rapidly  spread  along  the  arm  as  far  as  the  armpit.      I  was 
then  seized  with  frequent  sneezing,  and  with  a  copious  running  at 
the  nose.     About  noon  I  experienced  a  painful  contraction  of  the 
back  of  the  jaws,  which  made  me  fear  an  attack  of  tetanus.     I  then 
went  to  bed,  hoping  that  repose  would  alleviate  my  suffeiing;  on 
the  contrary,  it  continued  nearly  the  whole  of  the  following  night. 
The  next  morning  the  pain  began  to  leave  me,  and  I  fell  asleep.     I 
continued  to  suffer  for  two  days,  and  the  pain  returned  in  full  force 
when  I  put  my  hand  into  water.     I  did  not  finally  lose  it  for  nine 
days."     A  workman  in  the  same  garden,  who  was  similarly  affected 
by  being  stung  by  this  nettle,  described  the  sensation,  when  water 
was  applied  to  the  suffering  'part,  to  be  as  if  boiling  oil  were  poured 
over  him.     A  fine  silk-like,  soft,  and  lasting  fibre  is  yielded  by 
Urtica  heterophyUa,  a  fierce  stinger,  and  described  as  "  a  ferocious- 
looking  plant,"  extensively  distributed  in  mountainous  districts  of 
India.     The  fibre  is  known  in  Assam  as  Horoo  Surat,  and  is  exten- 
sively used  in  the  manufacture  of  cloth.     Various  other  urticaceous 
plants  abound  at  the  base  of  the  Himalayas,  and  from  these  the  hill 
men  extract  fibres  in  small  quantity,  but  no  account  is  given  of 
their  value.    Nettles'in  our  part  of  the  world  are  herbaceous  plants 
of  comparatively  humble  dimensions;  but  in  the  hot  and  humid 
climate  of  some  districts  of  India,  they  acquire  the  bulk  of  con- 
siderable trees.    A  section  of  Urtica  ffigas,  one  of  these  nettle  trees, 
in  the  Museum  of  the  Botanic  Garden  of  Edinburgh,  measures  20 
inches  in  diameter. 
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The  late  Dr.  Koyle,  in  his  work  On  the  Fibrous  PlcmU  qflndioy 
gives  prominence  to  the  China  grass  or  Kheea  fibre.  He  furnishes, 
from  an  authentic  source,  an  account  of  the  cultivation  of  the  plant 
and  the  preparation  of  the  fibre  in  China,  from  which  we  learn  that 
the  culture  of  the  plant  is  conducted  with  great  care;  that  it  may 
be  propagated  by  seeds,  but  more  expeditiously  by  parting  the  roots, 
as  it  throws  up  numerous  shoots ;  when  these  are  cut  down,  fresh 
ones  spring  up,  and  thus  three  several  crops  are  obtained  in  the 
season.  Great  attention  is  bestowed  on  the  scraping,  peeling, 
steeping,  and  bleaching  of  the  fibre.  The  first  crop  yields  strong 
and  coarse  fibres ;  from  the  second  and  third  crops,  delicate  fibres 
are  obtained  for  the  finer  fabrics. 

The  most  recent  information  regarding  the  cultivation  and  ex- 
ti'action  of  the  Hheea  fibre  in  India  is  embodied  in  the  Jawmal  of 
the  Agricultural  and  IlorticiUtural  Society  of  India,  by  George  King, 
M.B.,  late  Officiating  Superintendent,  Botanical  Gardens,  Seharun- 
pore,  and  now  Assistant-Inspector  of  Forests,  N.-W.  Provinces. 
The  communication  bears  date,  Seharunpore,  10th  September,  1869, 
and  its  substance  will  be  embodied  in  what  follows. 

The  nettle  yielding  the  fibre  is  herbaceous,  with  large,  spreading, 
much-divided  roots,  from  which  rise  from  seven  to  ten  straight, 
slender,  slightly-branching  stems,  from  the  bark  of  which  the  fibre 
is  extracted.     Naturally  twice,  but  under  cultivation,  it  is  said, 
three,  four,  and  even  five  times  a  year,  according  to  climate  and 
soil,  a  fresh  set  of  stems  shoots  up  from  the  root.     An  intelligent 
practical  gardener  and  good  botanist,  who  has,  within  the  last  few 
years,  been  employed  in  the  cultivation  of  Boehmeria  nivea  in  one  of 
the  Government  gardens  in  India,  has  stated  to  me,  as  the  result  of 
his  experience,  that  two  crops,  and  perhaps  a  third,  may  be  obtained 
in  the  most  favourable  circumstances,  but  that  a  larger  number  is 
not  to  be  expected.     This  testimony  corresponds  to  the  next  state- 
ment of  Mr.  King,  who  says  that  in  the  Government  gardens  at 
Deyrah  Dhoon,  where  the  object  aimed  at  has  been  the  propagation 
of  the  plant,  and  not  the  extraction  of  its  fibre,  the  stems  have 
hitherto  been  cut  down  only  twice  a  year.     He  is  nevertheless  of 
opinion  that,  if  well  manured  and  watered,  three  crops,  as  in  China, 
might  be  obtained ;  and  he  adds  that,  in  the  moist  climate  of  Assam, 
four  or  five  crops  may  be  obtained  in  a  year.     The  plant  is  very 
hardy,  and  thrives  in  parts  of  India  difiering  so  much  in  climate 
and  other  physical  conditions  as  Assam,  Bengal,  the  North- West 
Provinces,  and  the  Kangra  Valley  in  the  Punjaub.     It  has  also 
been   successfully   introduced    into   the   Madras   Presidency.       In 
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Deyrah  Dhoon,  some  old  plants  throw  up  shoots  from  8  to  10  feet 
high,  and  6  feet  is  a  common  height.  An  8  feet  shoot,  if  carefully 
manipulated,  will  yield  a  fibre  6  feet  long.  Some  degree  of  shade 
seems  favourable ;  an  adequate  supply  of  moisture  is  indispensable ; 
and  in  the  plains  of  Upper  India,  regular  irrigation  will  be  neces- 
sary. "  But,"  says  the  writer,  emphatically,  "  of  all  the  requisites 
for  successful  cultivation,  I  believe  the  first  in  importance  to  be 
manure,  and  this  is  the  one  least  recognized  in  Indian  agriculture. 
The  Chinese  manure  extensively."  The  propagation  of  the  plant 
by  cuttings  is  not  always  a  mere  matter  of  choice,  its  production  by 
seed  seeming  to  be  occasionally  interrupted  by  a  cause  which  will 
interest  the  vegetable  physiologist.  "  Thus,"  says  the  writer,  "  the 
plant  being  one  of  those  in  which  the  male  and  female  flowers  are 
se2)arate,  and  situated  on  different  parts  of  the  stem,  the  production 
of  the  seed  is  uncertain  in  some  localities  where  the  insects  are  not 
indigenous,  by  which  fecundation  is  probably  for  the  most  part 
accomplished.*  In  districts  where  Boehmeria  has  been  introduced, 
propagation  has  been  conducted,  not  by  seed,  but  by  cuttings,  and 
by  division  of  the  roots  of  old  plants.  By  cuttings  it  may  be  pro- 
pagated very  easily,  as,  with  ordinary  care,  scarcely  one  fisdls  to 
strike." 

With  regard  to  the  cost  of  cultivation,  the  writer  adds  nothing  to 
the  estimates  furnished  fifteen  years  ago  by  Dr.  Boyle,  who  ascer- 
tained from  Major  Hannay  and  Captain  Dalton,  two  gentlemen 
who,  at  the  request  of  the  East  India  Company,  devoted  much 
attention  to  the  growth  of  this  fibre  in  Assam,  that  the  expense  was 
ten  rupees  per  maund  (£28  a  ton).  Captain  Dillon  stated  that  the 
lowest  price  at  which  it  was  likely  to  be  procurable  by  purchase 
from  the  cultivator  was  six  annas  a  seer,  or  about  £42  per  ton; 
adding  that,  "  when  it  is  more  extensively  cultivated,  and  the  best 
method  of  preparation  understood,  so  that  women  and  children  may 
be  employed  as  well  as  men,  it  ought  not  to  cost  more  than  four 
annas  a  seer,  or  £28  per  ton."  Major  Hannay  mentions  that  £20 
a  ton  was  offered  for  any  quantity  of  the  fibre  in  Calcutta,  a  sum 
which  Dr.  Boyle  affirms  will  not  pay  for  the  expense  of  culture  and 
preparation.  Messrs.  Marshall  &  Co.,  of  Leeds,  the  earliest  and  the 
most  extensive  consumers  of  China  grass,  writing  to  Dr.  Boyle  in 
1853,   estimated   the   value   of  the   Indian  supplies    delivered    in 

*  It  is  presumed  that  the  writer  quoted  has  actually  observed  that  the  well- 
known  provision  for  the  dispersion  of  pollen  in  urticaoeous  plants  generally,  by 
the  elasticity  of  their  filaments,  is  in  this  instance  aided  by  the  agency  of 
insects.     In  our  common  nettle  this  is  not  the  case. 
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England  at  J&id  to  £50  per  ton.  They  found  the  Indian  fibre 
inferior  in  qoalitv  to  that  imported  from  China,  but  considered 
that  it  would  still  be  a  useful  material,  of  which  thej  oould  take 
a  regular  supply.  ''  It  would  certainly  be  an  important  advantage 
to  us,  as  consumers  of  China  grass  or  Kheea  fibre,  to  be  able  to 
obtain  a  supply  from  Assam.  If  it  could  be  supplied  at  lower  rates 
than  those  mentioned,  that  would,  of  course,  much  encourage  the 
consumption  of  it  in  this  country.  At  present  there  is  not  much 
consumed  in  England;  but  a  good  supply  frt>m  a  nearer  market 
than  China  might  enlarge  the  demand." 

Reference  has  already  been  made  to  the  carefrd  preparation  of 
the  fibre  by  the  Chinese.  Their  processes  for  separating  the  fibre 
are  all  manual,  and  appear  to  vary  in  different  districts.  One 
method  is,  to  soak  the  stems  in  water,  cold  or  tepid,  according  to 
the  season  of  the  year,  then  to  bend  them  in  the  middle  so  as  to 
loosen  the  fibrous  portion  from  the  woody  and  cellular  tissue  of  the 
stalk  at  that  point,  and  remove  the  fibre  by  introducing  the  finger 
at  the  opening  thus  made,  and  stripping  it  off.  By  a  simpler 
method,  after  softening  the  stem  by  steeping  it  for  a  short  time  in 
water,  it  is  split  longitudinally  by  a  knife,  and  the  fibre  is  then 
peeled  off*  each  half  separately.  When  thus  removed,  the  fibre  is 
scraped  in  a  moist  state  with  a  blunt  knife,  and  then  bleached  by 
alternate  exposure  to  the  sun  by  day  and  the  dew  at  night.  Boiling 
with  alkalies  is  also  practised  in  order  to  secure  whiteness.  "Various 
other  methods  are  given  in  detail  from  the  Imperial  Treatise  of 
Chinese  Agriculture,  in  Dr.  Boyle's  work.  As  regards  the  prepar- 
ation of  the  fibre  in  Assam,  we  have,  in  the  same  book.  Major 
Hannay*8  Indo-Chinese  process,  which  consisted  in  cleaning  the 
newly-extracted  fibre  by  tying  it  up  in  bundles  and  soaking  it  in 
water  for  a  few  hours.  A  bundle,  when  softened,  was  put  on  a 
hook  fastened  in  a  post ;  and  the  operator,  by  taking  one  strand  of 
fibre  at  a  time  in  his  hand,  and  passing  it  quickly  through  his 
fingers,  completely  separated  the  outer  bark  from  the  fibre,  the 
latter  being  then  cleaned  by  two  or  three  scrapings  with  a  knife. 
The  appearance  of  the  fibre  was  much  improved  by  exposure  on 
the  grass  to  a  night's  heavy  dew.  The  colour  was  improved  after 
drying,  and  the  risk  of  mildew  on  the  voyage  homeward  was  found 
to  be  prevented. 

'Mr.  King's  experiments  on  the  preparation  of  the  fibre  are 
described  by  him  as  follows : — "  Following  the  directions  furnished 
to  me  by  several  Chinamen,  I  made  some  experiments  on  the 
manual  extraction  of  the  fibre.     The   only  stems  at  my  disposal 
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were,  however,  rather  old  and  hard,  and  on  that  account  unuaually 
difScult  to  manipulate.  I,  however,  learned  enough  to  conviiice  me 
that  the  extraction  by  hand  procesaes  ib  difficult,  slow,  and  expen- 
sive. Steeping  in  water  for  an  hour  or  two  had  no  effect  whatever 
in  &cilitating  the  separation  of  the  fibre  from  the  stem.  I  tried 
steeping  in  plain  water,  in  water  with  varioiiB  proportions  of 
unslaked  lime  in  it,  and  in  solutions  of  potash  of  various  strengths, 
and  for  periods  varying  from  a  day  to  a  week.  The  stronger 
alkaline  solutions  were  the  most  effectual ;  but  whether  the  use  of 
chemicals  has  any  deleterious  action  on  the  fibre,  I  am  not  prepared 
to  say.  Seeing  that  potash  is  used  in  the  preparation  of  Russian 
flax,  I  should  not  anticipate  any  harm  from  its  moderate  use.  I 
also  tried  beating  the  fibre  out  of  the  stems  both  in  a  fresh  state  and 
after  they  had  been  steeped.  Pressure  I  intended  to  try,  but  my 
experiments  were  limited  by  a  scanty  supply  of  material." 

It  has  been  already  mentioned  that  quantities  of  the  fibre  were 
occasionally  imported  into  this  country  from  India  between  the 
years  1810  and  1816.  When  nsed  as  cordage,  it  was  found  to  be 
greatly  superior  to  Russian  hemp.  About  the  last-named  date,  the 
application  to  this  fibre  of  a  machine  which  had  been  patented  by 
Mr.  James  Lee,  for  separating  the  fibres  of  flax,  resulted  in  bringing 
it  to  a  thread,  which  was  described,  in  a  despatch  of  the  East  India 
Company's  directors,  as  being  "  preferable  to  the  best  material  in 
Europe  for  Brussels  lace."  Notwithstanding  this  testimony  to  its 
utility,  and  although  the  East  India  Company  made  strenuous 
efforts  to  introduce  the  substance  for  textile  purposes  into  this 
country,  the  Chinese  grass  fell  very  much  out  of  sight,  and  little 
more  was  heard  of  it  till  the  fit«t  Great  International  Exhibition  in 
1851.  Finely-prepared  specimens  of  the  fibre  were  there  shewn, 
and  three  prize  medals  were  awarded  to  the  exhibitors.  The  finer 
specimens  had  a  silky  lustre,  resembling  the  fibres  of  asbestos} 
some  were  dyed  of  different  colours,  and  some  were  woven  into 
cloths.  In  the  Jury  Report,  the  process  of  Messrs.  L.  W.  Wright  & 
Co.,  for  the  preparation  of  Chinese  grass,  &c.,  and  for  which  a  patent 
had  been  obtained  in  1849,  was  described  as  consisting  "  essentially 
in  a  very  ingenious  arrangement  for  boiling  the  stems  in  an  alkaline 
solution,  after  they  have  previously  been  steeped  twenty-four  hours 
ia  water  at  a  temperature  of  90°.  The  fibre  is  then  thoroughly 
washed  with  pure  water,  and  finally  subjected  to  the  action  of  a 
current  of  high-pressure  steam  till  nearly  dry.  A  very  beautiful 
series  of  specimens  (it  was  added),  illustrating  the  preparation  of 
this  fibre,  the  various  stagesjof  the  process,  the  bleaabin^iA  \^,»sA. 
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the  uses  to  which  it  may  be  applied,  both  alone  and  in  conjunction 
with  other  fibrous  materials,  in  the  production  of  mixed  Betbrics,  was 
shewn  by  Messrs.  Wright."  Messrs.  Marshall  &  Co.,  of  Leeds, 
were  also  amongst  the  exhibitors. 

The  specimens  on  the  table  were  prepared  by  one  or  other  of  the 
processes  the  results  of  which  were  shewn  at  the  Great  Exhibition. 
It  is  to  be  observed  that  the  fineness  and  silky  lustre  of  the  fibres 
have  been  produced  without  materiaUy  impairing  their  tenacity. 
A  somewhat  similar  appearance  was  imparted  to  the  fibre  of  flax, 
about  the  time  when  these  experiments  upon  Chinese  grass  were  in 
progress,  by  the  application  of  M.  Claussen's  patent  method  for  the 
preparation  of  that  substance.     His  process  consisted  in  first  boiling 
the  cut  and  crushed  stems  of  flax  or  hemp  in  a  dilute  solution  of 
caustic  soda;   then  plunging  the  fibrous  substance  into  a  bath  of 
dilute  sulphuric  acid ;  next  transferring  it  into  a  solution  of  carbonate 
of  soda;  and  lastly,  immersing  it  in  a  weak  solution  of  sulphuric 
acid — causing  the  liberation  of  carbonic  acid;  thus  splitting  up  and 
disintegrating  the  fibre,  so  as  to  completely  alter  its  character,  and 
convert  it  into  a  material  resembling  cotton.     The  fibres  of  flax  and 
hemp  thus  treated,  no  doubt,  gained  in  appearance,  but  it  was  at  the 
loss  of  their  really  valuable  property — ^their  tenacity.     Dr.  Royle 
mentions  that  experiments  were  made  more  than  a  century  ago  with 
a  view  to  the  conversion  of  flax  and  hemp  into  cotton.     In  recent 
times,  the  attempt  to  introduce  the  practice  into  Grermany  and 
Ireland  has  not  succeeded. 

"  The  desideratum  of  the  Indian  grower,"  says  Mr.  King,  "  is  a 
chemical  process  or  a  machine  which  shall  enable  him  to  efifect  the 
rough  separation  of  the  fibre  from  the  stem  at  a  cheap  rate.  The 
English  manufacturer  prefers  to  buy  the  fibre  in  this  rough  con- 
dition, and  to  undertake  all  subsequent  processes  himself,  as  in 
doing  so  lies  his  greatest  profit.  It  was  found  that  the  fibre  in  the 
rough  state  is  apt  to  ferment  during  its  passage  to  England;  and  to 
obviate  the  liability  to  this,  must  therefore  be  a  prominent  feature 
in  any  successful  process  of  extraction.  I  think  it  probable,"  he 
adds,  "that  a  machine  on  the  principle  of  Hill  &  Bundy's,  for 
breaking  and  preparing  the  fibre  of  raw  flax,  hemp,  sunn,  and  similar 
plants,  without  steeping  or  dew-wetting,  might  be  devised  without 
difficulty  for  Boehmeria.  The  framework  of  Hill  &  Bundy's  machine 
can  be  made  of  wood,  and  its  principle  (that  of  conical  longitudinally- 
ridged  rollers  revolving  independently  of  each  other)  being  very 
simple,  I  think  it  suitable  for  being  both  worked  and  made  by 
natives.     It  is  possible,  however,  that  the  extraction  may  be  cheaply 


Mr.  Keddie  on  China  Grcus,  Eheea,  or  Eamee  Fibre,       303 

effected  by  some  chemical  process,  involving  the  use  of  alkalies,  and 
not  requiring  machinery.  Experiments  should  be  made  on  this 
point.  I  hear  that  a  gentleman  in  Upper  India  has  invented  a 
cheap  and  effectual  process;  but  as  he  has  not  yet  made  it  public,  I 
do  not  know  in  what  it  consists." 

The  following  is  an  extract  from  a  notification  by  the  Governor- 
General  of  India  in  Council: — "The  Government  of  India,  after 
communication  with  various  agricultural  and  horticultural  societies 
in  India,  and  with  persons  interested  in  the  subject,  has  arrived  at 
the  conclusion  that  the  only  real  obstacle  to  the  development  of  an 
extensive  trade  in  the  fibre  of  rheea  or  China  grass  is  the  want  of 
suitable  machinery  for  separating  the  fibre  and  bark  from  the  stem, 
and  the  fibre  from  the  bark,  the  cost  of  effecting  such  separation  by 
manual  labour  being  great.  The  demand  for  the  fibre  is  now  large, 
and  no  doubt  might  be  extended  with  reduced  prices,  and  there  is  a 
practically  unlimited  extent  of  country  in  India  where  the  plant 
could  be  grown.  The  requirements  of  the  case  appear  to  be  some 
machinery  or  process  capable  of  producing,  with  the  aid  of  animal, 
water,  or  steam  power,  a  ton  of  fibre  of  a  quality  which  shall  average 
in  value  not  less  than  £50  per  ton  in  the  English  market,  at  a  total 
cost,  all  processes  of  manufacture  and  allowances  for  wear  and  tear 
included,  of  not  more  than  £15  per  ton.  The  said  processes  are  to 
be  understood  to  include  all  the  operations  performed  after  the 
cutting  and  transport  of  the  plant  to  the  place  of  manufacture,  to 
the  completion  of  the  manufacture  of  fibre  of  the  quality  above 
described.  The  machinery  must  be  simple,  strong,  durable,  and 
cheap,  and  should  be  suited  for  erection  at  or  near  the  plantations, 
as  the  refuse  is  very  useful  for  manure  for  continued  cultivation. 
To  stimulate  the  invention  or  adaptation  of  such  machinery  or 
process,  the  Government  of  India  hereby  offers  a  prize  of  £5,000  for 
the  machine  and  process  that  best  fulfil  all  the  requirements  named 
above.  Rewards  of  moderate  amount  will  be  given  for  really  meri- 
torious inventions,  even  though  failing  to  meet  entirely  all  the  con- 
ditions named." 

Mr.  Eling  mentions,  as  the  result  of  experiments  in  the  cultiva- 
tion of  the  plant  in  the  Government  gardens  at  Seharunpore  and 
in  Deyrah  Dhoon,  that  the  Boehmeria  grows  freely  and  is  easily 
propagated  in  Upper  India,  and  that  there  is  an  increasing  desire 
on  the  part  of  Europeans  to  engage  in  its  cultivation.  "  The  one 
great  objection  to  this  fibre,"  the  writer  remarks  in  concluding 
his  paper,  "  is  the  difficulty  of  extracting  it.  The  manual  processes 
already  mentioned  are  so  very  slow  and  expensive,  and  Indian 
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labour  is  so  very  much  inferior  to  Chinese,  that  until  a  cheap  and 
simple  machine  be  put  within  easy  reach  of  the  cultivator,  or  a 
chemical  process  be  invented,  Indian  grass  fibre  can  never,  I  fear, 
enter  into  competition  with  Chinese,  and  little  progress  can  be 
made  in  extending  its  cultivation  in  this  country." 

I  am  indebted  to  the  kindness  of  Mr.  William  R.  W.  Smith  for 
being  able  to  trace  the  history  of  the  fibre  subsequently  to  the  year 
1851,  since  which  period  little  has  been  heard  of  it  by  the  general 
public.  He  states  that  some  time  before  that  period,  Mr.  Ehnpson, 
then  a  partner  of  Messrs.  Marshall  &  Co.,  flax  spinners,  Leeds,  and 
who  had  been  in  Manilla,  where  he  became  acquainted  with  the 
quality  of  the  rheea  fibre,  dii*ected  his  attention  to  the  production 
of  yams  from  this  substance  by  the  ordinary  flax  process.  Mr- 
Smith,  having  at  that  time  business  connection  with  the  Lieeds 
house,  sold  some  parcels  of  this  yam  to  diflerent  manufacturers  in 
Glasgow,  but  the  result  was  not  satisfactory.  Some  colours  could 
be  well  brought  out  in  dyeing,  but  others  were  dull,  and  there  was 
no  apparent  commercial  advantage  in  the  use  of  the  material  over 
ordinary  flax  yams,  inasmuch  as,  while  the  lustre  was  very  little 
more,  the  price  was  greatly  higher ;  and  when  woven  into  cloth,  a 
comparison  of  the  two  fibres  was  rather  to  the  disadvantage  of  the 
China  grass.  Mr.  Smith  having,  since  the  announcement  of  this 
paper  to  the  Society,  made  inquiry  of  Mr.  Empson  as  to  the 
subsequent  progress  of  the  manufacture,  I  am  favoured  with  his 
permission  to  quote  the  following  statement  from  that  gentleman's 
reply,  of  date,  April  12,  1870 : — "  We  have  long  since  ceased  to  spin 
China  grass  material,  finding  that  the  yam  produced  from  it  was 
not  liked  by  the  manufacturers  of  linen  goods.  But  there  have 
been  considerable  experiments  with  the  material,  more  especially 
at  Wakefield,  with  the  view  of  making  it  available  for  mixing  with 
wool  or  worsted ;  and  I  understand  that  there  is  now  a  considerable 
vent  for  the  material,  in  a  prepared  state,  with  the  Bradford  manu- 
facturers; but  I  have  no  sample  of  the  prepared  material,  or  any 
particulars  as  to  the  mode  of  preparation."  Along  with  this  letter, 
Mr.  Empson  sent  to  Mr.  Smith  a  sample  of  the  raw  material  as 
imported  (now  produced),  as  to  which  he  mentions,  in  a  note  of  the 
18th  April,  "  We  had  to  deal  with  it  by  chemical  process  before  we 
could  get  it  into  condition  fit  for  flax  machinery.  This  process,** 
it  is  added,  *'  reduces  the  bulk  of  the  stufi*  immensely,  and  so 
increases  the  cost  to  the  spinner." 

Mr.  Smith,  after  referring  to  the  vigorous  but  unsuccessful 
efforts    of    Messrs.    Marshall    &   Co.    to   introduce   this   material, 
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• 
and  to  the  necessity  under  which  they  ultimately  lay  of  selling 

off  their  yams  at  a  loss,  makes  this  remark: — "  From  what 
I  saw  then,  I  came  to  the  conclusion  that,  unless  this  fibre 
could  be  sent  into  the  market  at  a  lower  price  than  flax,  there 
was  no  hope  of  its  becoming  of  any  commercial  value,  and  it 
would  seem  as  if  this  opinion  had  been  justified  by  subsequent 
events.  Some  years  ago,  the  worsted  spinners  of  Bradford  made 
attempts  to  produce  the  yarn  by  their  machinery;  and  again  there 
was  considerable  stir  in  regard  to  this  material,  as  if  something  were 
at  length  to  come  out  of  it ;  but  no  sooner  was  it  woven,  than  the 
limp  cold-feeling  cloth  was  everywhere  condemned.  Wool  was 
excessively  high  in  price  at  that  time,  and  the  fibre  was  to  a  certain 
extent  successfully  mixed  with  it;  and  there  is,  I  believe,  a  small 
trade  still  doing  in  this  mixed  material :  but  as  with  Messrs.  Mar- 
shall k  Co.,  so  it  was  with  the  Bradford  spinners ;  many  of  them 
lost  money  in  attempting  to  introduce  the  fibre.  The  latest 
attempt  of  this  nature  known  to  me  was  made  by  Mr.  Lister,  who 
recently  addressed  the  Society  on  the  patent  laws.  He  expected  to 
get  the  fibre  into  a  profitable  state  by  subjecting  it  to  his  silk- 
combing  machine;  but  so  far  as  his  experiments  went,  he  was 
greatly  disappointed,  owing  to  the  brittle  nature  of  the  fibre  and 
its  working  into  little  lumps.  He  sent  to  me  (and  you  now  have) 
a  piece  of  the  cloth,  the  warp  being  cotton,  and  in  this  you  will 
see  the  defect.  But  here  again  the  price  was  too  high  to  admit  of 
profit,  and  there  was  no  apparent  commercial  advantage  in  the 
cloth  produced." 

Mr.  Smith  further  observes  : — "  From  the  samples  sent,  you  will 
see  that  the  fibre  is  most  beautifully  white  and  silky,  and  it  is  little 
wonder  that  spinners  have  been  tempted  to  experiment  upon  its 
utilization,  but  it  seems  to  be  one  of  those  materials  which  get  worse 
the  more  you  work  with  them ;  whereas  in  other  textile  materiaby 
as  cotton,  silk,  wool,  and  flax,  the  usual  manipulation  produces 
good  effects,  and  the  material  seems  to  improve  in  the  working.  It 
is  possible,  however,  that  some  successful  method  may  yet  be  found 
for  treating  it;  but  you  will  see,  from  what  I  have  said,  that  for 
twenty  years  past  it  has  beaten  us." 

Mr.  Alexander  Harvey,  who  made  experiments  upon  the  fibre  in 
his  dyework  a  year  or  two  ago,  remarks  to  me  that,  "  both  in 
bleaching  and  dyeing,  the  fibre  loses  much  of  the  fine  silky  lustre 
which  it  at  first  possesses,  although  it  remains  much  superior  to 
cotton  or  even  flax  when  so  tested.  If  it  were  intended  that  this 
new  fibre  should  supersede  silk  or  even  flax,"  Mr.  Harvey  remarks^ 
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•*  I  do  not  think  that  the  expectation  of  those  who  introduced  it 
would  be  realized.  It  is,  however,  rather  beautiful,  and  might  be 
used  freely  by  manufacturers,  if  the  element  of  cheapness,  as 
compared  with  other  similar  fibres,  could  be  secured." 

In  1853,  when  the  consumpt  of  the  China  grass  or  rheea  fibre 
seems  to  have  been  greatest,  Mr.  Archer,  in  his  book  On  Economic 
Botany,  reported  the  annual  imports  to  be  between  300  and  400 
tons.  It  being  desirable  to  obtain  an  authentic  statement  of  the 
imports  from  China  and  India  respectively,  so  as  to  furnish  the  means 
of  estimating  the  progress,  or  otherwise,  of  the  manufacture  during 
the  last  few  years,  I  applied  for  information  on  that  point  to  Mr. 
Michael  Connal,  who  very  obligingly  made  inquiries  at  the  Chamber 
of  Commerce  in  Glasgow,  and  at  an  eminent  mercantile  firm  in  Lon- 
don. The  information  famished  by  the  London  house  is  as  follows : 
— "  We  have  much  pleasure  in  handing  you  all  the  information  we 
can  procure  with  reference  to  China  grass.  There  are  no  published 
statistics,  which  renders  it  somewhat  difficult  to  get  at  the  exact 
figures;  but  there  have  been  no  imports  of  any  consequence  since 
1863,  certainly  not  50  tons  during  the  last  four  years,  exclusive  of 
last  year,  when  about  150  tons  were  imported  on  Bradford  account, 
where  it  is  used  for  mixing  with  lustre  wools,  and  these  importations 
were  all  made  on  actual  orders  sent  out  from  this  side.  Prices  range 
irom.  X65  to  X70.  From  India  no  imports  have  taken  place,  with 
the  exception  of  a  few  sample  bales  of  the  rheea  sort,  and  all  of 
inferior  quality  to  what  came  from  China.  There  would  no  doubt 
be  a  large  consumption  if  it  could  be  laid  down  to  sell  here  at  about 
£50,  and  of  a  quality  equal  to  the  China  sort." 

From  the  Chamber  of  Commerce  the  report  is  as  follows : — "  In  a 
table  of  Chinese  products  exported  in  1867  and  1868,  notice  is  taken 
of  grass  cloth,  the  exports  of  which  are  given:  1867,  quantity  ex- 
ported, 363  piculs,  value,  25,412  taels;  1868,  quantity  exported, 
302  piculs,  value,  31,820  taels.  The  value  of  the  Chinese  tael  is 
6«.  2d.  No  notice  is  taken  of  ramee  or  rheea  among  the  varied 
products  exported.  The  whole  exports  in  1868,  classified  under  the 
term  *  sundries,'  were  estimated  at  about  505,000  taels,  and  the 
total  exports  were  69,114,733  taels." 

To  the  above  returns  it  may  be  added  that  the  commercial  reports 
from  Her  Majesty's  Consuls  in  China  and  Siam,  for  1869,  printed  in 
the  Parliamentary  blue  book,  make  no  mention  of  any  exportation 
of  China  grass  or  grass  cloths. 
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VIII. — Note  on  the  Action  of  House  Sewage  on  Lead  Pipes,     By 
Mr.  Edward  C.  C.  Stanford,  F.C.S. 


Head  before  the  Chemical  Section,  December  6,  1869. 


The  author  draws  attention  to  the  rapid  deterioration  of  lead  pipes 
when  connected  with  water-closets.  Dr.  Fergus  had  traced  a  close 
connection  between  the  existence  of  various  forms  of  low  febrile 
disease  and  emanations  of  sewer  gas  arising  from  holes  eaten 
through  these  soil  pipes.  In  about  ten  years,  the  pipes  leading 
from  the  closet  become  riddled  with  holes,  and  most  of  the  lead 
itself  is  converted  into  a  grayish- white  substance.  Several  specimens 
were  examined,  with  the  following  results : — 


1. 

9. 

8. 

4. 

Carbonate  of  Lead, 
Carbonate  of  Tiime, 

Water, 

Oxide  of  Lead,     .... 

Silica, 

Organic  Matter,  .... 

2*70 

80-63 

•45 

... 

1-35 

14-87 

100-00 

86-00 
2-50 
1-20 
3-50 
2-80 
4-00 

100-00 

91-00 
210 
1-00 
1-50 
1-00 
3*40 

100-00 

1 

92-90 

2-90 

•50 

1-46 

1-60 

•65 

100-00 

In  No.  1  specimen,  there  was  evidence  that  chloride  of  lime  had 
been  used,  which  accounts  for  the  carbonate  of  lime.  The  action 
is  greatest  in  the  upper  portions  of  the  syphon  bends,  in  the  air- 
space, and  not  in  the  water-spaces  or  traps.  Water  free  from  air 
does  not  act  on  lead,  and  the  effect  is  probably  due  to  the  action  of 
the  air  and  carbonic  acid  carried  down  by  the  rush  of  water.  It  is 
suggested,  also,  that  where  there  is  decomposition,  the  ammonia 
evolved  from  the  excreta  may  act  as  a  carrier ;  and  by  cleaning  the 
lead  surface,  may  increase  the  rapidity  of  its  deterioration.  The 
action  does  not  arise  from  sulphuretted  hydrogen  nor  from  nitric 
acid,  as  neither  sulphides  nor  nitrates  were  found  in  the  specimens 
examined. 
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IX. — On  the  Eatinuition  of  Iodine  and  Bromine,  witfh  special  reference  to 
the  analysis  of  Kelp.    By  Mr.  Robert  R.  Tatlock,  F.R.S.E.;  F.C.S. 


Read  before  the  Chemical  Section,  December  6,  1869. 


The  methods  for  the  estimation  of  iodine  and  bromine,  in  presence 
of  chlorine,  that  have  been  devised  from  time  to  time,  are  exceed- 
ingly numerous,  but  in  many  cases  very  unsatisfjBtctory.  They 
generally  require  either  extreme  skill  and  nicety  on  the  part  of  the 
operator  (a  very  small  error  in  the  manipulation  seriously  affecting 
the  results),  or  they  are  so  tedious  and  inapplicable,  in  most  ordi- 
nary circumstances,  as  to  be  of  little  value.  These  remarks  apply 
specially  to  methods  that  have  been  described  for  the  estimation  of 
iodine  in  kelp,  in  which  the  presence  of  bromine  is  either  overlooked 
or  ignored,  although  its  existence  would  render  such  methods 
totally  inapplicable. 

The  object  of  the  following  note  is  to  describe  a  method  for  the 
determination  of  iodine  and  bromine,  in  presence  of  each  other, 
which  I  have  followed  for  many  years,  and  which  has  been  perfectly 
successful  in  the  analysis  of  kelp.  It  is  not  intended  to  supersede 
other  methods,  but  merely  to  take  its  place  along  with  them,  its 
simplicity  in  the  hands  of  indifferently-skilled  chemists  rendering 
it  suitable  for  adoption  in  the  manufacturer's  laboratory — a  quality 
which  will  be  valued  more  particidarly  in  Glasgow,  the  seat  of  the 
iodine  manufacture  j  while,  in  point  of  accuracy,  it  leaves  nothing 
to  be  desired. 

The  method  like  that  of  Frederick  Field  {Chemical  Gazette  for 
1857,  No.  357)  is  based  upon  the  wide  difference  between  the 
equivalents  of  iodine,  bromine,  and  chlorine;  but  the  mode  of 
procedure  is  totally  different  from  that  of  Field,  and  is  not  open  to 
an  objection  which  Fresenius  has  taken  to  that  gentleman's  process 
of  determining  these  three  elements.  It  depends  upon  the  displace- 
ment of  iodine  by  bromine,  and  of  iodine  and  bromine  by  chlorine. 
I  shall  proceed  to  give  the  method  in  detail  before  referring  to  its 
application  in  the  analysis  of  kelp. 

(1.)  The  solution  containing  the  iodide,  bromide,  and  chloride, 
preferably  in  combination  with  an  alkali  metal,  is  divided  into  three 
equal  portions ;  or,  at  any  rate,  three  equal  portions  of  it  are  drawn 
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off.  To  the  one,  solution  of  silver  nitrate  is  added  in  excess,  to 
precipitate  the  whole  of  the  I,  Br,  and  CI.  The  fluid  is  then  feebly 
acidified  with  pure  nitric  acid,  warmed,  and  agitated  till  the  pre- 
cipitate settles.  This  is  collected  on  a  small  weighed  filter,  washed 
with  hot  water,  dried  as  far  as  possible  at  212°  Fahr.,  removed  from 
the  filter,  dried  perfectly  by  heating  to  incipient  fusion,  and  weighed, 
the  weight  of  the  small  portion  adhering  to  the  filter  being  added, 
and  the  weight  of  the  whole  noted  as — 

Agl  +  AgBr  +  AgCl. 

(2.)  Another  portion  of  the  solution  is  transferred  to  a  small 
basin,  and  a  quantity  of  pure  bromine-water  added.  The  mixture  is 
then  carefully  evaporated  on  an  open  water-bath,  more  bromine- 
water  being  added  from  time  to  time,  till  the  escaping  vapours  no 
longer  turn  starch-paper  blue  on  a  fresh  addition — shewing  that  all 
the  liberated  iodine  has  escaped.  To  insure  excess,  a  little  more  aquar 
bromine  is  added,  and  the  solution  evaporated  to  complete  dryness. 
The  dry  residue  is  then  drenched  with  water,  and  the  result  heated 
till  again  dry;  this  operation  is  repeated  two  or  three  times,  to 
insure  the  complete  expulsion  of  any  hydrobromic  acid  that  may  have 
been  present  in  the  bromine-water.  The  residue,  which  now  consists 
solely  of  alkaline  bromide  and  chloride,  is  dissolved  in  water,  silver 
nitrate  added  in  excess,  the  solution  acidified,  and  the  precipitate 
collected  and  weighed  in  the  usual  way.     It  is  noted  as — 

AgBr -H  AgBr +  AgCl. 

(3.)  The  last  portion  of  the  solution  is  brought  into  a  small  basin, 
and  a  quantity  of  strong  chlorine-water  added,  to  effect  the  libera- 
tion of  the  iodine  and  bromine.  The  mixture  is  then  evaporated 
till  all  colour  is  gone,  and  some  more  chlorine-water  added.  If  the 
solution  remains  colourless,  the  whole  of  the  iodine  and  bromine 
has  been  expelled,  and  the  alkali  metal  will  exist  entirely  as 
chloride.  The  solution  is  then  brought  completely  to  dryness, 
after  which  it  is  evaporated  with  a  few  drops  of  water  two  or  three 
times,  to  expel  any  hydrochloric  or  hydrobromic  acid.  The  dry 
residue  is  dissolved  in  water,  the  solution  acidified  with  pure  nitric 
acid,  silver  nitrate  added  in  excess  as  before,  and  the  chloride  of 
silver  collected  as  usuaL     Its  weight  is  noted 


AgCl  -I-  AgCl  -I-  AgCl. 

It  is  obvious  that  we  have  now  data  from  which  we  can  calculate 
the  amountB  of  iodine,  bromine,  and  chlorine  present;  for,  as  the 
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equivalent  of  bromine  is  less  than  that  of  iodine,  in  the  proportion 
of  80  to  127,  the  second  precipitate,  in  which  the  iodine  is  replaced 
by  bromine,  must  weigh  proportionately  less  than  the  first;  and, 
as  the  eqtLivalent  of  chlorine  is  less  than  that  of  either  iodine  or 
bromine,  in  the  ratio  of  35*5  to  127  in  the  one  case,  and  80  in  the 
other,  the  last  precipitate  must  weigh  still  less  than  the  second, 
and  we  can  thus,  from  the  observed  differences,  deduce  the  exact 
quantities  of  the  three  elements  present. 


Example: 


Then— 


O 


1.  Agl  +  AgBr  +  AgCl    weighed    15*57 

2.  AgBr  +  AgBr  +  AgCl       „  1469 

3.  AgCl  +  AgCl  +  AgCl        „  12-20 


Loss  for 
1  equiy.  I. 

47 


L 

15-57 


Observed 
Loss. 

0-88 


n. 


Obeerved 
Difference. 


-     14-69     =     0-88 


1  equiv.  L 

127 


IpreBont 

2-378 


o 

PQ 


I. 


in. 


Obaerred 
DUrerence. 


15-57     -     12-20     =     3-37 

But,  as  a  portion  of  this  loss  is  caused  by  the   re- 
placement of  iodine  by  chlorine — namely, 


EQ-i-ofL    ^i\7?,f^^  I  found. 

127       :       91-5       :  :       2-378 


Loss  aooonnted 
for  by  I  present 

:       1-713 


Obaerred  Loes. 

3-37 


Loss  accoonted        rHi»««.«/w»  #«•  t>- 
for  by  I  present       Difference  for  Br. 

1-713        =        1-657 


Loss  for 
1  equiv.  Br. 

44-5 


Observed  Loss  on 
account  of  Br. 


1-657 


1  equiv.  Br. 

80 


Br.  found. 

2-978 


Then,  as  the  proportions  of  iodine  and  bromine  are  already 
known,  it  will  be  an  easy  matter  to  calculate  them  to  iodide  and 
bromide  of  silver,  and  deduct  their  weight  from  precipitate  1,  cal- 
culating the  remainder  (chloride  of  silver)  to  chlorine,  thus: — 
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H 
o  ^ 


And— 


Then- 


Then— 


Then— 


I. 
127 

AgL 

235     : 

I  present 

:     2-378         : 

AgL 

4-400 

Br. 

80 

AgBr. 

188     : 

Br.  present 

:     2-978         : 

AgBr. 

6-998 

Agl, 
AgBr,     . 

•  • 

•  • 

•  •                  • 

•  •                  • 

4-400 
6-998 

16-57    —    11-398     =     4-172 


AgCL 

143-5 


ci. 
35-5 


AgCL 

4-172 


11-398 


a. 
1-032 


We  had,  therefore,  present  in  the  solution — 

Iodine, 2378 

Bromine, 2*978 

Chlorine, 1-032 

The  bromine- water  may  be  easily  obtained  free  from  chlorine  by 
distilling  bromide  of  potassium  in  solution  with  less  potassium 
dichromate  than  is  necessary  to  expel  the  whole  of  the  bromine, 
using,  of  course,  a  little  hydrochloric  acid. 

We  now  come  to  the  application  of  the  above  method  to  the 
analysis  of  kelp. 

It  is  quite  obvious  that  this  process  cannot  be  directly  applied  to 
substances  containing  I,  Br,  and  01,  in  very  different  proportions, 
and  consequently  it  cannot  be  used  for  the  estimation  of  these 
elements  in  kelp  immediately,  nor  is  it  applicable  to  the  estimation 
of  the  chlorine  at  all,  in  the  case  of  kelp.  The  following  method  of 
treatment  will  be  found  to  equalize  as  nearly  as  necessary  the 
proportions  of  the  three. 

2,000  grs.  of  the  kelp  are  digested  in  hot  water,  the  solution 
allowed  to  settle,  and  the  clear  liquor  filtered.  The  residue  is 
boiled  two  or  three  times  with  water,  the  fluid  being  filtered  in 
each  case,  and  the  residue  finally  brought  on  a  filter  and  washed 
with  boiling  water.  The  filtrates  and  washings  are  neutralized  as 
nearly  as  possible  with  hydrochloric  acid,  and  chlorine  gas  passed 
into  the  solution  till  the  latter  becomes  of  a  distinct  orange  colour, 
due  to  the  liberation  of  iodine  and  bromine. 

The  fluid  is  then  shaken  up  with  about  one-fourth  of  its  bulk  of 
carbonic  sulphide,  which  takes  up  the  liberated  iodine  and  bromine, 
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and  carries  them  in  solution  to  the  bottom  of  the  vessel,  provided 
the  specific  gravity  of  the  kelp  solution  be  not  higher  than  that  of 
the  carbonic  sulphide.  When  this  is  not  the  case,  the  solution  of 
kelp  may  be  diluted  till  the  carbonic  sulphide  sinks. 

The  bottom  fluid,  containing  the  iodine  and  bromine,  is  then 
drawn  oflf  by  a  fine  syphon,  and  shaken  up  with  an  equal  volume  of 
water  and  some  zinc  filings.  The  solution  is  soon  decolorized,  on 
account  of  the  formation  of  zinc  iodide  and  zinc  bromide,  which 
pass  into  the  water ;  and  we  have  thus  a  watery  solution  of  the  two 
latter  salts  above,  and  colourless  carbonic  sulphide  at  the  bottom. 
The  latter  is  drawn  oflf  by  a  syphon,  and  restored  to  the  kelp  solu- 
tion, to.  which  some  more  chlorine-water  is  added ;  and,  if  a  further 
quantity  of  iodine  and  bromine  be  liberated,  the  above  operations 
are  repeated  till  the  liquor  is  quite  exhausted. 

It  only  now  remains  to  evaporate  the  solution  of  zinc-salts,  divide 
into  three  equal  portions,  and  determine  I,  Br,  and  01,  as  before 
described. 

With  regard  to  the  accuracy  of  the  above  method,  it  may  be 
stated  that  two  sets  of  trials  on  pure  salts  gave  the  following 
results,  5  grs.  of  each  of  the  compounds  being  used  in  each  case : — 

5  grs.  KI,  5  grs.  KBr,  and  5  grs.  KCl,  gave — 

Grains. 

KI, 4-97 

KBr, 4-97 

KCl, 6-08 

Another  trial,  with  the  same  quantities,  gave — 

KI, 4-96 

KBr, 4-95 

KCl, 6'09 

These  resiilts  leave  little  doubt  that  the  process  is  accurate  and 
trustworthy,  although  I  do  not  deny  that  other  experiments  are 
required  to  establish  the  method. 

It  will  be  observed  that  in  any  case  where  chlorine-water  or  gas 
requires  to  be  used  for  concentrating  the  iodine  and  bromine,  the 
amount  of  chlorine  originally  present  in  the  sample  must  be  deter- 
mined by  another  process. 


i 


Mr.  Hutton  on  Ae  Chemittiy  of  Coed-tmokt. 


X. — On  the  ChemUtry  of  Codl-tmoke-     By  Mr.  W.  R.  Hptton. 


B«>d  befora  tha  Cbonical  Sectian,  D«cember  30,  1669^ 


(AhtraeL) 

The  author  gl&nced  at  the  subject  both  is  its  aanitoiy  and  its 
ecoDOmica]  aspects;  and  then,  in  order  that  the  scientific  principles 
involved  in  the  prevention  of  smoke  and  in  the  complete  utilization 
of  the  heating  power  of  raw  coal  might  be  properly  understood,  he 
gave  an  analysis  of  best  Wishaw  coal, — one  of  the  finest  kinds  of  fuel 
in  Scotland.     It  was  as  follows : — 

Water, 2« 

Stilphiir, fr4 

VoUtile  Matter. 36-9 

Fixed  CariMin, 56'3 

Aah, 3-6 

100-0 
Volatile  Matter. 

CartMD 14-0 

Hydrogen, 6-0 

Oxygen, IM 

Nitrogen, I'D 

36-9 

In  the  ordinary  combustion  of  cool,  black  smoke,  and  therefore 
soot,  is  only  producible  from  the  volatile  matter  of  the  coal,  the  fixed 
carbon,  ash,  Jtc,  being  incapable  of  generating  smoke.  The  value 
of  a  fuel  as  a  generator  of  heat  is  estimated  according  to  tlie  amount 
of  carbon  and  hydrogen  present  in  it.  As  ordinarily  used,  coal, 
dui-ing  its  combustion,  gives  rise  to  many  curious  compounds,  in- 
cluding carbonic  oxide,  carbonic  acid,  watery  vapour,  ammonia, 
sulphurous  and  sulphuric  acids,  and  various  hydrocarbons,  some  of 
the  paraffin  series,  and  others  of  the  na])hthalin  series ;  and,  as  they 
are  volatile  when  liberated,  they  rise  into  the  atmosphere  and  form 
the  mixture  known  as  coal-smoke.  This  material  dificrs  in  its 
properties  and  compoution,  according  to  the  oomposition  and  mode 
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of  burning  the  coal;  but  in  all  cases  sooty  carbon  and  moisture 
are  abundant,  the  former  especially  so  in  black  smoke.  But  black 
smoke  is  soot,  and  is  the  result  of  the  imperfect  combustion  of  the 
coal,  and  even  of  its  wasteful  use.  Mr.  Hutton  then  went  on  to 
examine  soot  in  its  chemical  aspects,  and  explained  in  detail  how 
the  diflference  of  temperature  in  a  furnace  or  domestic  fire  regulates 
the  composition  of  the  volatile  matters  of  soot.  The  composition 
of  London  and  Glasgow  soot  was  shewn  in  a  table,  of  which  the 
following  is  a  copy : — 


Analysis  or  Soot. 

Carbon, 

Tar  and  Oil, 

Ammonia, 

Potash, 

Soda, 

lime, 

Magnesia, 

Phosphate  of  lime  and  Alomina,    . 

Iron 

Solphnric  Acid, 

Chlorine, 

Solphocyanogen, 

Carbonic  Acid 

Sand, 

Water, 


London. 

OImcow. 

6318 

367 

18*00 

16-0 

176 

2-8 

0-20 

0-3 

0*34 

0-3 

1-00 

0-8 

0-30 

Trace. 

2-08 

3-2 

0-40 

07 

4-60 

7-9 

Trace. 

0-4 

0-26 

None. 

070 

Trace. 

14-40 

267 

2-80 

7-2 

100-00 


100-0 


The  author  said  he  could  guarantee  the  genuineness  of  the  sample 
of  London  soot;  but  he  was  afiraid  that  the  Glasgow  soot  which  he 
had  examined  was  adulterated,  judging  by  the  large  percentage  of 
sand  and  water  contained  in  it.  The  large  proportion  of  sulphuric 
acid  might  be  accounted  for  by  the  sulphurous  quality  of  the  Scotch 
coal,  and  by  the  great  number  of  chemical  works  in  Glasgow. 
Genuine  Glasgow  soot  ought  to  contain  a  larger  amount  of  ammonia : 
both  samples  were  distinctly  acid.  While  referring  to  the  various 
uses  of  soot,  Mr.  Hutton  mentioned  that  a  considerable  quantity 
was  recently  shipped  to  the  West  Indies,  to  be  used  there  for  the 
growth  of  the  sugar-cane.  The  price  is  from  30f.  to  40«.  per  ton. 
Considering  that  soot  rarely  contains  less  than  about  one-sixth  of  its 
weight  of  hydrocarbon  compounds,  the  author  of  the  paper  proceeded 
to  look  at  the  production  of  soot  from  a  commercial  point  of  view, 
and  asked  if  the  value  of  soot  is  proportionate  to  the  evils  resulting 


Mr.  Hutton  on  the  Chemistry  of  Coal-miohe.  315 

from  the  production  of  the  material.  Not  more  than  500  tons  are 
gathered  in  Glasgow  per  annum,  and  the  value  never  exceeds  £1,000. 
Taking  the  waste  of  fuel,  the  loss  of  the  nitrogen  of  the  coal,  the 
destruction  of  property,  and  the  personal  discomfort  resulting  from 
smoke  and  soot,  ho  found  that  there  was  no  profit,  but  rather  a 
great  loss  instead.  As  a  practical  solution  of  the  ''smoke  nuisance," 
Mr.  Hutton  briefly  sketched  a  plan  by  which  practically  smokeless 
fires  might  be  obtained,  while  all  the  volatile  compounds  could  be 
separately  collected,  and  be  got  in  a  form  fit  for  utilization.  He 
would  distil  the  coal  before  burning,  stopping  short  the  process  of 
distillation  at  such  a  stage  as  would  permit  soft  coke  to  be  formed — 
that  is,  fixed  carbon  with  a  sufficient  amount  of  volatile  matter  in  it 
to  render  it  slightly  inflammable.  The  other  useful  products  would 
be  chiefly  crude  oil,  coal-gas,  and  ammonia.  Assuming,  as  a  basis 
of  calculation,  2,000  tons  of  coal  to  be  used  daily,  that  amount  would 
yield,  in  round  numbers — 

Soft  Coke, 1,400  tons. 

Crude  Oil, 40,000  gallons. 

Ammoniacal  Water, 30,000      „ 

Coal  Gas, 6,000,000  cubic  feet 

Deducting  the  ash,  the  fixed  carbon  would  be  reduced  to  1,329  tons. 
Mr.  Hutton  calculated  that  the  coke  and  the  other  products  would 
realize  £742,  while  ^;he  coal  (at  5«.  per  ton)  and  the  labour,  &c., 
would  cost  £600,  leaving  an  apparent  balance  of  £142,  in  addition 
to  all  the  other  advantages  which  would  result  from  the  complete 
combustion  of  the  fuel.  The  coke  would  be  such  a  material  as 
would  be  available  alike  for  domestic  fire-places  and  the  furnaces  of 
steam-boilers,  ka. 

At  the  conclusion  of  the  paper,  various  members  spoke  in  com- 
mendation of  Mr.  Hutton's  views.     In  reply  to  Mr.  Stanford, 

Mr.  Hutton  stated  that  such  coke  as  he  had  suggested  in  his 
paper  could  be  burned  in  the  ordinary  grate,  without  the  expense 
or  any  other  of  the  inconveniences  attending  the  use  of  the 
grate  which  was  devised  some  years  ago  by  the  late  Dr.  Neil 
Amott. 

On  the  motion  of  the  Chairman,  a  cordial  vote  of  thanks  was 
awarded  to  Mr.  Hutton;  and  the  meetings  of  the  Section  were 
adjourned  for  a  month. 
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XI,— On  Artificial  Alizarine.     By  Mr.  J.  Wallace  Young. 


Read  before  the  Chemical  Section,  January  17,  1870. 


The  author  first  referred  to  the  great  importance  of  madder  root  in 
dyeing  and  calico  printing,  and  to  the  numerous  investigations  made 
on  it  by  different  chemists.  Of  the  various  colouiing  matters  obtained 
from  it,  alizarine  was  the  most  important,  and  gave  all  the  well- 
known  durable  and  brilliant  colours  yielded  by  the  madder  root 
itself.  Owing  to  the  high  price  of  madder,  great  interest  attaches 
to  any  substance  purporting  to  be  a  substitute  for  it.  M.  Roussin 
thought  he  had  obtained  it  from  naphthalin,  but  further  investi- 
gation proved  him  to  have  been  mistaken.  More  recently  its 
synthesis  had  been  successfully  accomplished  by  Messrs.  Graebe 
and  Leiberman  from  anthracen. 

The  author  then  stated  the  results  of  his  experiments  on  two 
different  specimens  of  the  artificial  alizarine.  The  first,  of  Conti- 
nental manufacture,  contained  a  good  deal  of  colouring  matter,  which 
appeared  to  be  absorbed  readily  enough  by  mordanted  cloth ;  but  on 
treating  with  solution  of  soap,  the  colours  were  found  to  be  rather 
fugitive.  When  the  artificial  substance  was  subjected  to  heat,  a 
sublimate  was  obtained  closely  resembling  natural  alizarine.  This 
dyed  mordanted  cloth  well,  and  withstood  treatment  with  soap.  The 
other  sample  of  artificial  alizarine,  made  by  Messrs.  Perkin  k  Sons, 
was  a  very  different  article.  It  is  supplied  in  the  form  of  an 
opaque  brownish  liquid;  it  dyes  up  mordanted  cloth  readily,  the 
soaping,  finishing,  &c.,  being  carried  out  in  a  precisely  similar  man- 
ner to  madder  work.  On  comparing  the  colours  given  by  madder, 
against  those  of  the  artificial  alizarine,  we  find  the  red  of  the  latter 
to  be  rather  yellower  in  shade,  the  black  equal  or  superior,  but  the 
most  marked  difference  is  in  the  purple,  which  is  rather  a  slate  than 
anything  else,  and  contrasts  unfavourably  with  the  fine  madder 
purple.  With  Turkey-red  prepared  cloth  and  yam,  the  colouring 
matter  is  readily  taken  up,  and  gives  a  good  bright  shade,  but  much 
yellower  than  madder  or  garancine;  and  the  yellowness  appears  to 
be  increased  by  the  tin  salt  used  in  cleaning.  As  with  madder 
and  its  preparations,  the  development  of  the  colouring  matter  of 
the   artificial   alizarine   is  increased    by    tanning    materials,   and 
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deteriorated  b;  the  addition  of  chalk.  The  artificial  alizAtine 
was  treated  in  variouB  ways,  such  as  boiling  with  dilute  sulphuric 
acid,  dissolving  in  sodium  carbonate,  and  reprecipitating,  &c.,  to 
see  if  the  colours  given  by  it  were  modified  in  any  way ;  but  no 
difference  was  observed.  The  colours  given  by  the  artificial  alizarine 
stand  well  all  the  treatment  usually  given  to  madder  goods;  and  on 
expostire  to  light  for  two  or  three  months,  no  difference  waa  observed 
between  them.  However,  if  we  take  pieces  of  cloth  dyed  with  the 
arti£cial  atizaruie,  and  madder  roots,  and  immerse  them  both 
together  in  a  not  overly  strong  solution  of  bleaching  powder,  and 
allow  them  to  remain  an  hour  or  two,  we  shall  find  that  the  madder 
one  has  become  lighter,  atitt  retaining  its  fine  red  colour,  whereas 
the  other  one  has  become  of  a  tawny  yellow.  On  washing  and 
soaping,  the  madder  one  was  deepened  in  colour,  and  the  other  had 
almost  disappeared. 

The  general  effect  of  chalk  on  the  artificial  substance  is  to  blue 
all  the  shades.  The  chocolates  and  reds  are  considerably  altered  in 
tone,  and  materially  deteriorated,  the  purple  is  scarcely  altered, 
but,  strange  to  say,  the  black  is  much  improved.  The  effect  of 
chalk  on  alizarine  or  madder  is  to  deteriorate  all  the  colours.  This 
artificial  alizarine  also  yielded  crystals,  on  sublimation,  yellower  in 
shade  than  the  natural  substance.  Sometimes  light  yellow  crystals 
were  observed,  which  did  not  dissolve  in  sodium  carbonate  with 
the  usual  purple  colour ;  they  were  soluble  in  boiling  alcohol,  and 
deposited  on  cooling.  More  or  less  of  these  crystals  appeared  to 
be  produced  according  to  the  way  in  which  the  heat  was  applied  in 
sublimation.* 

Experiments  were  made  with  the  sublimed  product  from  the 
foreign  and  English  artificial  alizarine,  and  also  with  sublimed 
natural  alizarine  and  purpurine.  Mordanted  cloth  was  dyed  with 
each  of  these,  and  afterwards  boiled  with  soap.  The  artificial 
alizarine  gave  a  yellowish  red,  much  like  the  purpurine,  and  differing 
from  the  dark  full  red  given  by  the  natural  substance.  The  purple 
is  a  slate,  but  the  chocolate  and  black  do  not  differ  materially. 
The  purpurine,  f^ain,  differs  in  giving  scarcely  any  purple. 

When  the  crystals  were  dissolved  in  ammonia,  and  barium 
chloride  added,  the  natural  alizarine  gave  a  fine  bluish-purple 
precipitate,  the  purpurine  a  purplish-red  precipitate,  the  super- 
natant liquor  being  in  both  cases  quite  clear.  The  artificial  sub- 
stance gave  a  reddish-purple  precipitate,  the   supernatant  liquid 

■  Mr.  Perkin,  P.R.S.,  ptHDted  oat  to  the  aathor  that  these  arrtBla  consiated 
of  sntliTaqniiKiii. 
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being  highly  coloured.  On  decanting  off  the  liquors,  and  adding 
oold  water,  and  repeating  this  two  or  three  times,  the  natural 
alizarine  and  purpurine  precipitates  did  not  seem  to  be  much 
affected,  but  the  artificial  alizarine  precipitate  gradually  dissolved 
in  the  waahing  water,  and  finaUy  disappeared. 

An  alum  solution  of  the  artificial  alizarine  gave,  in  the  spectro- 
scope, none  of  the  bands  characteristic  of  purpurine. 

From  the  papers  which  have  appeared  in  the  Chemical  News, 
and  elsewhere,  it  would  appear  that  the  manufacture  of  artificial 
alizarine  is  carried  out  in  two  or  three  different  ways  by  Continental 
chemists,  and  that  some  of  the  prodiicts  appear  to  consist  of  a  mix- 
ture of  alizarine  and  purpurine  in  different  proportions,  and  some 
of  alizarine,  or  of  a  substance  between  the  two. 

From  many  experiments  carried  out  practically,  the  author  was 
of  opinion  that  the  artificial  substance  differed  from  the  natural 
product,  although  closely  resembling  it  in  many  of  its  properties. 

It  would  be  as  yet  premature  to  give  any  definite  statement  with 
regard  to  the  real  value  of  the  artificial  alizarine.  It  has  been 
shewn  that  the  tone  of  colours  given  by  it  differs  materially  in  the 
pxirple,  and  also  does  not  give  good  pinks,  being  far  too  yellow. 
But  it  is  well  known  to  those  engaged  in  dyeing  operations,  that 
with  madder  and  its  different  preparations,  the  tone  of  colour,  and 
also  the  relative  flEtstness,  varies  considerably,  some  being  better 
suited  for  purple  dyeing,  and  others  for  pinks.  As  feir  as  can  be 
seen  at  present,  it  may  supersede  madder  for  some  things,  if  price 
permits ;  but  no  doubt,  through  course  of  time,  the  manufacture  will 
be  improved,  and  the  substance  cheapened. 


XII. — Notes  of  Experiments  on  Artificial  Alizarine,     By  Mr.  John 

Christie. 


Read  before  the  Chemical  Section,  January  31,  1870. 


The  experiments  described  in  the  following  paper  were  undertaken 
with  the  view  of  ascertaining  the  relation  between  the  aHifidal 
alizarine,  prepared  from  anthracene,  to  the  pure  alizarine  of  madder. 
I  have  experimented  for  some  time  with  the  artificial  alizarine  of 
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MM.  Lucius  &  Co.,  which  gave  9*15  per  cent,  solid  matter,  when 
dried  at  211°  Fahr.,  and  with  that  of  W.  H.  Perkin,  which  gave 
5*3  per  cent.,  dried  at  212°  Fahr.  I  dyed  swatches  of  calico,  printed 
with  stripes,  for  pink,  red,  purple,  and  chocolate,  taking  100  parts 
by  weight  of  cloth  as  a  basis. 


No.  2 

do. 

No.  3 

do. 

No.  4 

do. 

{ 
{ 


No.  1  was  dyed  with      *7  per  cent,  natural  alizarine,  sublimed. 

1'4   per  cent.    Perkin's  artificial    alizarine, 

sublimed. 
1  '25  per  cent,  natural  alizarine,  sublimed. 
1*4  per  cent.  =  -7  per  cent,   natural  and  '7 

per  cent,  artificial  alizarine,  sublimed. 

^T     r  J  (  Perkin's  fluid,  31*2  per  cent.  =  1*65  per  cent. 

No.  5  do.         s  J  .   1  1-  J  X 

(  dried,  as  supplied  to  consumers. 

^r     n  T  f  MM.  Lucius*  paste,  18*0  per  cent.  =  1*65  per 

No.  6  do.         <  X   J  •  J  TJX 

(  cent,  dnedj  as  supplied  to  consumers. 

When  dyed,  the  white  of  No.  6  was  worst.  No.  2  better,  the  others 
all  good,  but  alizarine  No.  3  best.  When  soaped,  the  whites  were 
all  good.  No.  3  deepest  and  best  colours,  No.  5  next;  Nos.  1  and  2 
were  about  equal  in  depth ;  No.  6  weakest  in  colours  of  pink  bands, 
and  lilac  bad. 

I  had  swatches  of  the  series  washed  in  weak  soap-water  daily 
for  fifteen  days,  and  exposed  to  the  weather  for  two  hours  each  day. 
Nos.  1  and  3,  no  perceptible  reduction  in  any  of  the  colours;  No.  2, 
lighter  in  all  the  colours;  No.  4,  reduced  a  little  in  all  the  colours 
but  lilac,  which  is  slightly  improved;  No.  5,  considerably  lighter 
in  all  the  colours;  No.  6,  much  reduced,  the  pink  to  a  mere  flesh 
colour,  and  the  lilac  to  a  lavender  shade. 

On  Turkey-red  mordanted  cloth  swatches  were  dyed  in  the 
following  proportions,  taking  100  parts  by  weight  of  cloth  as  a 
standard : — 

No.  1  was  dyed  with      '9  per  cent,  natural  alizarine,  sublimed. 

T^T     o  J  /    1*75   per  cent.   Perkin's  artificial  alizarine, 

No.  2  do.         <  ^  ...       , 

I  sublimed. 

No.  3  do.  1'75  per  cent,  natural  alizarine,  sublimed. 

-^     A  J  r  25'4  per  cent,  paste  =  2*32  per  cent,  dried,  of 

I  MM.  Lucius  &  Co.'s  artificial  alizarine. 

^     -  ,  ('43*7  per  cent,  fluid  =  2*32  per  cent,  dried,  of 

(  W.  H.  Perkin's  artificial  alizarine. 

The  process  of  clearing  improved  much  the  shade  of  Nos.  1  and 
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3;  No.  2  about  equal  in  shade  to  No.  1;  it  also  withstood  the 
clearing  better  than  Nos.  4  and  5.  These  last  numbers  lost  much  in 
clearing,  and  the  shade  produced  was  far  too  yellow,  and  had  no 
lustre. 

When  treated  with  concentrated  sulphuric  acid,  both  artificial 
and  natural  dissolve  with  a  red  colour :  the  natural  has  less  of  a 
rose  tint  than  the  artificial.  Water  precipitates  the  natural  of  a 
beautiful  golden  yellow  colour,  in  granular  flakes.  Perkin's  arti- 
ficial, with  water,  also  golden  yellow,  but  the  precipitate  more 
gelatinous  than  was  the  natural ;  while  MM.  Lucius  &  Co.'s,  with 
water,  gave  a  brown  yellow  precipitate,  having  a  slight  green  tinge. 
On  filtering  these  solutions,  the  filtrate  from  the  natural  was 
colourless ;  Perkin's  artificial,  deep  straw-colour ;  MM.  Lucius  & 
Co.,  light  straw-colour.  On  addition  of  strong  caustic  soda,  till  the 
filtrates  were  alkaline,  the  natural  took  a  very  slight  tinge  of  blue 
violet,  while  both  artificial  colours  became  a  deep  crimson,  in 
which  flakes  of  a  beautiful  crimson  colour  settled  to  the  bottom, 
after  twelve  hours. 

On  subliming  natural  alizarine,  prepared  fix)m  the  finest  garan- 
cine,  by  boiling  alcohol,  distilling  the  alcohol  ofl*,  and  drying  the 
residue  at  212**  F.,  I  found  it  began  to  paste  at  300°  F.,  was  fluid 
at  320°  F.,  sublimed  freely  at  340°  F.  If  the  temperature  be  raised 
higher  than  370°  F.,  the  action  seems  to  be  so  violent  that  the  points 
of  the  needles  were  coated  with  the  matter  in  the  state  of  fusion. 
If,  however,  the  temperature  be  kept  at  340*  F.,  it  will  sublime  with 
very  little  residue,  and  the  crystals  be  quite  clean.  The  fiised 
matter  had  an  action  on  the  copper  vessel  used  for  sublimation. 

On  heating  artificial  alizarine,  dried  and  powdered,  to  340°  F., 
I  could  not  obtain  a  sublimate, — an  orange-coloured  efflorescence  lay 
on  the  surface  of  the  brown  powder  that  had  been  placed  in  the 
vessel.  I  could  not  get  a  sublimate  till  the  temperature  was  raised 
to  420°  F.,  when  I  obtained  very  fine  needles  of  a  yellow  colour, 
with  a  red  tinge.  The  temperature  raised  to  450°  F.,  and  maintained 
at  that  point,  I  obtained  from  100  parts  of  the  dried  powder  15 
per  cent,  of  a  sublimate,  at  the  end  of  one  hour  from  applying  the 
heat.  I  could  not  obtain  more  sublimate  from  the  matter  operated 
upon,  which  had  not  yet  fused,  but  remained  in  a  dry  powder  as 
when  introduced.  The  temperature  was  now  slowly  raised,  keeping 
a  constant  watch  for  the  fusing  point,  or  a  further  sublimate  ;  but  to 
600°  F. — the  range  of  the  thermometer  employed — ^the  matter  did  not 
fuse,  nor  did  it  yield  further  sublimate.  It  became,  however,  of  a 
brown  black,  and  on  its  surface  lay  a  cake  of  orange-red  crystals. 
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which  possess  ooloiiring  properties  different  from  the  sublimate  at 
450°  F.  (it  yielded  orange  instead  of  red  and  pink ;  the  chocolate, 
a  yellow  brown;  the  lilac,  as  good  as  the  original  fluid),  although 
the  matter  does  not  fiise  at  600°  F.  At  that  temperature  I  found  a 
quantity  of  the  colourless  needles,  mentioned  by  Mr.  W.  Young 
at  last  meeting,  and  also  observed  that  the  matter  under  treatment 
had  acted  on  the  copper  vessel  employed  to  sublime  it,  and  formed 
a  compound  of  copper,  which  scaled  off  the  vessel  on  cooling.  The 
uppermost  vessel  employed  for  the  alizarine  to  sublime  upon,  is 
concave  on  the  bottom ;  and  when  covered  with  filtering  paper, 
has  a  hollow  space  between  the  paper  and  the  vessel  itself,  which 
vessel  contains  cold  water.  The  natural  did  not  pass  through  the 
papei  into  this  cavity;  but  of  the  15  per  cent,  sublimed  from  the 
artificial  powder,  lO'l  per  cent,  had  passed  through,  while  that  next 
to  the  cold  metal  was  light  straw-coloured  flocks.  I  could  not  observe 
crystals  of  any  size  in  the  cavity.  A  yellow  buttery  matter, 
like  picric  acid  in  colour,  had  condensed  on  the  metal  of  the  con- 
denser. When  wet  with  water,  it  has  a  strong  acid  reaction  of  a 
litmus  paper,  while  the  more  fluid  oily  matter  condensed  on  the 
metal.  When  crude  natural  alizarine  was  sublimed,  it  was  quite 
neutral  to  test-paper,  and  had  a  much  more  agreeable  smell  than 
artificial  had. 

On  boiling  a  quantity  of  artificial  alizarine  in  a  saturated 
solution  of  sulphate  of  alumina  (by  Strecker  &  Stenhouse's  pro- 
cesses for  the  preparation  of  purpurine  from  madder  root  and 
munjeet),  very  little  dissolved,  the  filtrate  was  a  light  yellow  colour, 
on  addition  of  a  large  quantity  of  hydrochloric  acid.  No  precipitate 
is  formed,  as  is  the  case  when  purpurine  is  dissolved  in  alum  solution. 
This  yellow  colouring  matter  can  be  separated  by  ether.  On  spon- 
taneous evaporation  of  the  ethereal  solution,  a  gold-coloured  oily 
matter  is  obtained,  which  coloured  caustic  alkaline  solution  red- 

«  

violet.  From  this  experiment,  which  was  so  different  in  result  from 
either  madder  or  munjeet,  when  boiled  in  alum  liquor,  and  also 
from  the  permanence  of  the  colour  in  caustic  alkali,  in  which 
re-agent  the  colour  given  by  purpurine  becomes  colourless  in  a 
short  time,  I  am  of  opinion  there  is  no  purpurine  present  in 
artificial  alizarine. 

On  placing  swatches  dyed  with  artificial  alizarine  in  solution  of 
caustic  soda,  containing  30  grs.  soda  per  gallon,  the  artificial  of 
W.  H.  Perkins  and  MM.  Luciiis  in  a  short  time  throw  off  deep 
crimson  colour,  which  can  be  seen  rising  from  the  siirface  of  the 
cloth,  and  flowing  down  the  swatch,  falling  in  streaks  through  the 
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liquor.  This  is  not  the  case  with  alizarine  (natural),  or  even  with 
garancine,  which  remain  colourless.  This  crimson  colour  can  be 
separated  by  ether,  after  neutralizing  with  acid.  The  amount  of 
colour  given  off  from  the  dyed  swatch  in  this  re-agent  leads  me 
to  the  belief  that  a  great  proportion  at  least  of  the  artificial 
alizarine  colouring  matter  is  not  identical  with  natural  alizarine; 
and  what  goes  further  to  establish  my  opinion  is,  that,  selecting 
the  finest  needles  of  artificial  alizarine,  and  dyeing  therewith,  it 
has  only  half  the  depth  of  colour  when  well  soaped,  and  that  it 
becomes  lighter  when  exposed  to  the  weather  and  washing,  which 
natural  alizarine  does  not. 

On  dissolving  sublimed  natural  and  artificial  alizarine  in  Hj  SO^ 
and  adding  50  per  cent,  of  its  weight  of  KNO3,  allowing  to  rest  for 
a  few  hours,  diluting  with  water,  washing  and  dyeing  on  mordanted 
cloth,  the  natural  produced  beautiful  and  fiist  colours  of  orange  on 
the  red  and  pink  bands,  a  fine  yellow  brown  on  the  chocolate,  and 
lavender  drab  on  the  lilac  bands;  while  the  artificial  gave  an  iron 
buff  to  the  red  and  pink,  and  weak  brown  on  the  chocolate  and 
lilac, — which,  on  soaping,  are  reduced  to  very  light  shades. 

On  treating  sublimed  natural  and  artificial  alizarine  with  nitro- 
sulphuric  acid,  natural  alizarine,  when  diluted  with  water,  produced 
a  reddish-yellow  solution,  with  oily  beads  floating  on  the  surface; 
while  the  artificial  became  yellow,  with  hard  white  particles 
floating  about.  In  the  BuUl.  Chem,  Soc.  de  Paris,  Dec.,  1869,  I 
observed  that  M.  Alfraise  has  not  obtained  phthalic  acid,  when 
artificial  alizarine  was  oxidized,  which  is  produced  by  oxidation  of 
natural  alizarine,  purpurine,  munjistin,  chloroxy-naphthalic,  and 
naphthaline. 

On  distilling  artificial  alizarine,  I  obtained,  at  about  500°  F.,  a  dis- 
tillate of  white  needles,  which  filled  the  neck  of  the  retort;  but  on 
treating  natural  alizarine  in  the  same  way,  with  a  solid  matter  in 
the  neck,  there  came  over  oily  particles  of  a  sharp  biting  sensation 
on  the  tongue. 

From  the  several  experiments  I  have  made  with  artificial  ali- 
zarine, my  opinion  is,  that  although  this  article  may  be  the  best 
attempt  that  has  yet  been  made  to  produce  alizarine  of  madder  by 
chemical  means,  I  must  observe  that,  in  its  present  state,  it  is  Aeut 
from  being  identical  with  it. 
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XIII. — Note  on  a  Specimen  of  SheU  Scmdfrom  the  Island  of  CoU, 
By  Mr.  Edward  C.  C.  Stanford,  F.C.S. 


Read  before  the  Chemical  Section,  Febnuuy  14,  1870. 


The  specimen  presented  the  form  of  sandstone,  and  consisted 
principally  of  particles  of  marine  shells  agglutinated  by  the  action 
of  rain.     It  had  the  following  composition : — 

Carbonate  of  Lime, 68*50 

Carbonate  of  Magnesia, 1  *51 

Silica  (Sand), 25-69 

Phosphates  of  Ir^n  and  Alumina, 2*00 

Organic  Matter, 2*30 

100*00 

The  author  noticed  that  nearly  all  the  outer  Hebrides  have  large 
deposits  of  shell  sand  on  their  west  coasts,  and  that  it  forms  the  very 
best  material  for  reclaiming  the  peat  mosses  of  these  islands,  as  the 
mixture  makes  a  good  soil. 

Good  lime  is  also  made  from  this  sand  by  burning  it  with  peat. 


XIV. — On  a  Method  far  obtaining  a  Continuous  Cwreni  of  Air  or  Gas 
under  Presev/re^for  Blow-pipe  or  other  Fu/rposea.  By  Mr.  T.  L. 
Patterson,  F.C.S. 


Read  before  the  Chemical  Section,  March  28, 1870. 


This  method  is  based  on  the  same  principle  as  the  Catalan  blow- 
pipe of  Sprengel,  and  is  wrought  in  connection  with  a  Bunsen  filter- 
pump,  though  it  may  be  erected  separately.  It  is  well  adapted  to 
blow-pipe  work,  and  a  pressure,  equal  almost  to  half  an  atmosphere, 
may  be  obtained. 

When  the  air-tap  of  a  Bunsen  pump  is  opened,  and  the  water 
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turned  OD,  air  passes  with  the  water  down  the  exhaust-pipe  to  a 
depth  of  30  or  35  feet,  in  a  continuous  stream  of  bubbles.  If,  now, 
instead  of  allowing  this  stream  to  pass  into  the  sewer,  we  receive  it 
in  a  bottle  or  other  vesael  made  air-tight  with  a  cork,  through 
which  two  tubes  are  passed,  one  nearly  to  the  bottom  of  the  vessel, 
and  the  other  just  through  the  cork,  water  will  flow  off  by  the  deep 
tube,  and  air  escape  by  the  upper;  and  by  placing  a  stop-cock  on  the 
latter  tube,  to  regulate  the  escape  of  air,  the  pressure  in  the  vessel 
will  be  equal  to  the  height  of  the  water  in  the  water-tube.  The 
arrasgemeDt  of  the  apparatus  is  shewn  in  the  following  figure.  The 
water-pipes  are  ^  inch  and  the  air-pipes  ^  inch  internal  diameter. 

The  ezhausl^pipe  of  the  pump,  a,  enters 
to  within  J  inch  of  the  bottom  of  a  leaden 
vessel,  e,  9  inches  square  and  1  foot  high. 
This  vessel,  or  accumulator,  is  inclosed  in 
a  wooden  box  to  support  the  aides  and 
strengthen  it,  and  has  two  holes  pierced 
in  the  top  at  opposite  comers.  Through 
,  one  the  water-pipe,  b,  is  passed  to  within 
f  inch  of  the  bottom,  and  soldered  air- 
tight. This  pipe  is  carried  up  alongside 
of  the  other  as  many  feet  aa  may  be  desired 
(depending  upon  the  pressure  wanted),  and 
then  bent  back  and  soldered  into  a  1  inch 
pipe,  c,  which  returns  and  carries  the  over- 
flow water  from  the  pressure-pipe,  b,  to  the 
sewer.  It  is  necessary  to  attach  a  piece  of 
\  inch  pipe,  d,  to  the  1  inch  at  the  bend, 
c,  so  that  the  latter  may  not  act  as  a 
syphon.  Into  the  other  hole  of  the  leaden 
vessel,  e,  a  piece  of  compo-pipe,  /,  long 
enough  to  reach  to  the  laboratory,  is 
soldered  air-tight.  One  or  more  stop- 
cocks, as  at  g,  may  be  taken  off  the  pipe, 
f,  to  convenient  places  in  the  laboratory, 
and  the  pipe  continued  to  the  same  manometer  as  is  used  to  show 
the  vacuum  obtained  by  the  pump.  Just  before  the  vacuum  and 
pressure-pipes  unite,  however,  there  is  a  cock  soldered  into  each;  ao  ' 
that  when  the  pump  is  working,  the  vacuum-cock,  h,  b  open,  and 
the  pressure-cock,  t,  is  shut,  the  reverse  being  the  case  when  the 
pressure  apparatus  is  required.  The  mercury  in  the  manometer 
gives  the  vacuum  or  pressure  in  millimHres. 
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Beneath  the  vessel,  e,  is  placed  a  lever  stop-cock,  k,  of  1  inch 
diameter,  to  give  free  exit  to  the  water  while  the  pump  is  being 
worked  for  a  full  vacuum.  This  cock  is  wrought  by  means  of  a 
wire,  /,  over  pulleys;  and  thus,  when  the  water-tap  is  in  the 
laboratory,  the  whole  apparatus  is  under  the  control  of  the  oper- 
ator. Suppose,  now,  we  want  to  work  the  pump,  it  is  simply 
necessary  to  open  the  lever-cock  below  the  accumulator,  adjust  the 
cocks,  h  and  t,  turn  on  the  water,  and  the  mercury  in  the  near 
limb  of  the  U  tube  will  rise  and  indicate  a  vacuum.  Then,  when 
pressure  is  wanted,  as  for  a  blow-pipe  jet,  the  lever-cock  is  closed, 
the  air-pipe  of  the  pump  gently  opened,  the  cocks,  h  and  i,  gently 
reversed  to  shew  pressure  by  the  manometer,  and  when  the  mercury 
has  risen  to  its  greatest  height,  the  air  is  turned  on  to  the  blow-pipe, 
the  flame  of  which  will  be  maintained  perfectly  regular  as  long  as 
water  and  air  flow  down  the  exhaust-tube.  The  adjustment  for  the 
flow  of  water  is  the  same  for  the  pressure  as  for  the  vacuum  apparatus. 

In  my  apparatus  the  water-pipe  rises  to  a  height  of  13^  feet, 
equal  to  a  column  of  mercury  303*6  millimetres,  or  11*95  inches; 
but  I  have  no  doubt  the  apparatus  will  work  well  up  to  half  an 
atmosphere,  or  probably  more,  if  the  tubes  could  be  indefinitely 
lengthened ;  for  the  volume  of  air  delivered  in  a  given  time  varies 
with  the  difference  between  the  lengths  of  the  exhaust  and  pressure- 
pipes.  A  liquid  may  be  boiled  under  the  constant  pressure  of  the 
apparatus  by  placing  it  in  a  strong  flask,  and  connecting  the  latter, 
air-tight,  by  means  of  a  flexible  tube  with  the  pressure  stop-cock ;  or 
it  may  be  distilled  by  connecting  the  receiver,  made  air-tight,  to  the 
retort  or  distilling  vessel  with  the  pressure  stop-cock,  as  before. 
It  will  also  be  found  useful  for  increasing  filtration,  by  applying  the 
pressure  on  the  surface  of  the  liquid  to  be  filtered,  when  it  is  not 
desirable  to  use,  or  convenient  to  obtain,  suction  from  beneath. 
But  probably  the  most  useful  application  of  this  air-current  is  to  the 
blow-pipe.  With  a  Herapath  lamp,  it  is  easy,  by  means  of  the  stop- 
cocks, to  obtain  a  small  oxidizing  or  reducing  flame  suitable  for 
chemical  experiments,  or  the  strong  powerful  jet  for  glass-blowing 
purposes  and  crucible  operations.  The  power  of  this  current  is 
such,  that  with  a  Herapath  lamp,  consuming  gas  delivered  from  the 
main  through  an  open  stop-cock,  under  a  pressure  of  27  millim^res 
or  so  of  water,  the  jet  of  air  obtained  is  just  sufficient  to  maintain  a 
smokeless  flame.  When  the  apparatus  is  urged  to  its  utmost,  the 
water  rises  in  the  accumulator  and  enters  the  pipe,  /;  it  is  there- 
fore advisable  to  have  a  float-valve  at  m,  otherwise  water  might 
be  projected  into  the  flame. 


MMc  %  pr»jH{a7»  vG/iO-^soeis-  unzn.  oil  tsHifr  ^pvost.  wtteo.  ^Sbt  ew  wiQ  be 
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Dft.  Aygcs  Smith  resd  a  paper  whidi  had  been  lemd  aho  to  the 
medical  officen  of  health  in  Louden.  Tlwre  were,  howerer, 
portions  which  espedall  j  applied  to  Glasgow. 

The  object  was  to  shew  that  it  was  now  poanble  to  examine 
air  in  sach  a  wa j  that  we  could  aaj  ^  this  air  is  infinior  and  must 
not  be  breathed."  This  was  done  bj  examining  the  amount  of 
solidsy  especiall  J  salts,  as  chlorides,  sulphates,  and  nitrates,  with 
the  amoont  of  acidity ;  next,  the  amount  of  ammonia,  6ee  or  com- 
bined with  acid ;  and  lastl j,  the  amount  of  albuminoid  ammonia, 
or  ammonia  which  was  not  liberated  from  its  state  without  the 
action  of  caustic  alkali — soda  or  potash,  and  permanganates  at  a 
boiling  heat  by  Wanklyn's  process. 

The  gradation  of  deterioration  in  town  atmospheres  was  illus- 
trated by  tables.  These  tables  shew  that  it  is  no  longer  purely 
a  mysterious  action  of  the  atmosphere  of  which  we  must 
complain  in  large  towns,  but  the  action  also  of  substances  readily 
estimated  by  chemical  means.  They  shew  also  the  value  of  the 
chemist  in  sanitary  matters.  The  purely  medical  man  is  not  able 
to  act  without  chemical  aid. 
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The  mode  of  making  the  exi>oriments  was  simply  by  examining 
the  washings  of  the  air.  The  natural  washings  or  rain  were  used 
in  one  set  of  experiments,  and  artificial  washings  of  air  in  bottles 
were  used  for  another  class. 

The  amount  of  oxygen  in  the  air  of  many  places  was  also  given. 
Here  are  added  some  of  the  tables. 


RAIN. 
Aysraoe  Total  Actd  op  Chlorine  and  Sulphur,  and  Proportion. 


Total  Add,  free  and  combined. 

Proportion  of 
Hydrochloric  to 

Grains 

PartB 

Sulphuric  Add. 

per  Gallon. 

per  MiUion. 

England  (inland  ooontry  places), 
Scotland  (sea  coast  ana  mland 

0-60d4 

8-68 

1  to    0-69 

country  places),     . 

0-7392 

11-81 

1  „    0-33 

Germany, 

1-2233 

17-71 

1  „  12-31 

London,   . 

1  -6217 

21-74 

1  „  16-45 

Darmstadt, 

2-1098 

3014 

1  „  29-98 

St.  Uelena, 

2-9902 

42-72 

1  „    3-48 

Manchester,     . 

3-3281 

47-54 

1  „    7-08 

„         a\. 

4-0249 

67-40 

1  „    7-91 

ff         <hf 

3-1602 

4516 

1  „    7-08 

„         6,  . 

3-0863 

44  09 

1  „     7-37 

»»         ^  • 

1  -8773 

27  10 

1  „    4-27 

Runcorn, . 

3-4559 

49*36 

1  „    0-92 

RAIN. 
Aykraos  Acidity. 


England,      .... 

Scotland^     .... 

Qermany,    .... 

Darmstadt,. 

London,       .... 

St.  Helens,  .        .        .        . 

Manchester, 

„         a,     .        .        . 

„         a,  from  Angust, 

tf         6,      .        .        . 

,,         c,      .        .        . 
Rnncom,     .... 


Addity,  calculated  as 
Snlphoric  Add,  anhydrous. 


Grains 
per  Gallon. 


0 
0-0200 
00894 
0-1218 
0-2171 
0-2765 
0-5833 
0-9696 
0-6706 
0-1025 
0-1708 
0-7993 


Parts 
per  Million. 


0 
0-286 
1-273 
1740 
3-876 
3-980 
8-330 

13-850 
8  150 
1-460 
2-440 

11-420 
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RAIN. 
Ammonia. 


Pftrta 
per  Million. 


Scotland  (inland  and  sea  coast), 
England  (inland),  . 
German  fpecimens, 
London,  .... 

St.  Helens,  .... 
Rnncom,  .... 
Manchester,   .... 


0-536 
1-244 
1-910 
3-450 
4-560 
4-630 
5-350 


RAIN. 
Average  ALBUBnNoiD  Ammonia. 


Albtuninoid 

Axmnonia,  parts 

per  Million. 


Scotland  (sea  coast  and  inland  country  places), 
England  (inland  country  places),     . 

German  specimens, 

Runcorn, 

London, 

Manchester, 

„  from  August,       .... 

}}  a, 

,,  a,  from  August,  .... 

»»  ^ 

,,  c,        .....        . 

St.  Helens, 


0-063 
0-076 
0122 
0-190 
0-205 
0-211 
0-209 
0*216 
0-180 
0  190 
0*250 
0-230 


RAIN. 

Average  Nitric  Acid. 


Nitric  Add,  parti 
per  Million. 


Scotland, 

Runcorn, 

England, 

London, 

Manchester,   . 

„  from.  August, 

„  a,        .        . 

,,  a,  from  August, 

„  6,        .        . 

M  C,  •  . 

St.  Helens, 
Germany, 
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AIR  WASHINGS.— SUMMARY  OF  COMPARATIVE  RESULTS. 

AIR. 

Total  Acid. 

Relation  to  Blackpool  taken  as  100. 

Blackpool, 100 

London, 289 

Didsbmy, 315 

Buxton, 333 

St  Helens 474 

Manchester, 527 

Underground  Railway  (Metropolitan), 1,483 

AIR. 

Htdrochloric  Acid. 

Relation  to  Blackpool  taken  as  100. 

Blackpool, 100 

Buxton, 247 

Didsbury, 277 

London, 320 

Manchester, 369 

St.  Helens, 516 

Underground  Railway  (Metropolitan), 974 

AIR. 

Sulphuric  Acid. 

Relation  to  Blackpool  taken  cm  100. 

Blackpool, 100 

Didsbury, 320 

Buxton, 345 

London 361 

St.  Helens, 468 

Manchester, 549 

Underground  Railway  (Metropolitan), 1,554 

AIR. 

Total  Ammonia. 

Relation  to  Innellan  taken  cu  100. 

Innellan, 100 

London, 117 

A  Bedroom, 179 

Glasgow, 202 

Inside  and  outside  of  Office^     .        .        .        ...                .  205 

Undeiground  Railway  (Metropolitan), 235 

A  Midden, ^^ 
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AIR. 

Ammonia. 

Relation  to  InneUan  taken  cm  100. 

Innellan, 100 

London, 117 

Undeiground  Railway  (Metropolitan), 138 

Glasgow, 159 

A  Bedroom, 194 

Inside  and  outside  of  Office, 235 

A  Midden, 644 

AIR, 

Albuminoid  Ammonia. 

JielcUion  to  InneUan  taken  cw  100. 

Innellan, 100 

London, 1 16 

A  Bedroom, 173 

Inside  and  outside  of  Office, 194 

Glasgow, 221 

Underground  Railway  (Metropolitan), 271 

A  Midden 302 

The  whole  will  appear  in  a  forthcoming  report. 
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MINUTES. 


Corporation  Buildings j  November  3,  1869. 

The  Sixty-eighth  Session  of  the  Philosophical  Society  of  Glasgow 
was  opened  this  evening,  in  the  Lecture  Hall  of  the  Corporation 
Buildings — Dr.  James  Brtce,  the  President,  in  the  Chair. 

The  following  gentlemen  were  elected  members,  viz. : — 

Mr.  Thomas  Macdonald,  Writer,  203  Hope  Street;  Mr.  Niool 
Brown,  136  West  George  Street;  Mr.  Bobert  Douie,  Writer,  51 
West  Begent  Street;  Mr.  James  Smith,  Writer,  21  Bath  Street; 
Mr.  J.  S.  Macgill,  2  Clifbon  Street;  Mr.  John  Bankin,  Commander 
of  the  Glasgow  and  Belfast  Boyal  Mail  Steamer,  257  St.  Vincent 
Street. 

The  Society  appointed  Mr.  James  Beid  and  Mr.  William  Johnston 
to  audit  the  Treasurer's  Accounts. 

The  President  delivered  the  annual  address,  which  was  occupied 
with  an  account  of  the  life  and  labours  of  the  late  Mr.  Thomas 
Graham,  Master  of  the  Mint,  together  with  notices  of  deceased 
members  of  the  Society. 

On  the  motion  of  Dr.  Francis  H.  Thomson,  the  thanks  of  the 
Society  were  voted  to  the  President  for  his  address. 


Corporation  Buildings,  November  17,  1869. 

The  Society  met  this  evening  for  the  Sixty-eighth  Annual  Election 
of  Office-bearers. 

The  following  gentlemen  were  elected  members,  viz. : — 
Bailie  A.  G.  Macdonald,  8  Park  Circus;  Mr.  James  Miller,  21 
Woodside  Place;  Mr.  James  Beadman,  1  Kew  Terrace;  Mr.  Alex- 
ander Drew,  Calico  Printer,  16  Hamilton  Drive;   Mr.  William 
Caldwell  Crawford,  M.A^  Eagle  Foundry;  Mr.  James  Marshall^ 
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Ironfounder,  1  Royal  Circus;  Mr.  John  Sutherland,  Soap  Manu- 
fJEUsturer,  Kinning  Park;  Mr.  William  Paris,  Glasgow  Iron  "Works, 
St.  RoUox;  Mr.  Robert  Robson,  Coalmaster,  12  Dixon  Street;  Mr. 
Robert  Bain,  Coalmaster,  22  Dundas  Street;  Mr.  William  M'Ewen, 
Jun.,  11  Park  Terrace;  Mr.  Robert  M*Cowan,  C.A.,  87  St.  Vincent 
Street. 

The  Secretary,  Mr.  W.  Keddie,  read  the  Annual  Report  by 
the  Council  on  the  State  of  the  Society,  which  was  approved  of, 
and  ordered  to  be  printed  in  the  next  part  of  the  Society's 
Proceedings, 


Report  by  the  Council  on  the  State  op  the  Societt. 

I.  The  New  Rooms. — In  their  last  Annual  Report,  the  Council 
noticed  the  completion  of  the  arrangement  with  the  Town  Council, 
for  the  accommodation  of  the  Philosophical  Society  in  the  Corporation 
Buildings,  Sauchiehall  Street.  The  rooms,  however,  contrary  to 
expectation,  were  not  then  ready  for  the  reception  of  the  Society 
and  its  Library ;  the  books  were  therefore  allowed  to  remain  during 
winter  and  spring  in  the  old  Hall  in  Anderson's  University;  and 
by  the  courtesy  of  the  Galleries  Committee  of  the  Town  Council, 
the  Society  held  its  meetings  throughout  the  session  in  the  Ckdlery 
of  Art.  Early  in  the  past  summer,  the  Library  was  removed  to 
the  new  room,  under  the  superintendence  of  the  Rev.  Mr.  Crosskey, 
the  transference  and  arrangement  of  the  books  being  one  of  his 
latest  labours  in  Glasgow,  previous  to  his  departure  for  Birming- 
ham. The  Council,  while  acknowledging  his  great  services  to  the 
Society  on  this  occasion,  avail  themselves  of  the  present  opportunity 
of  bearing  their  united  and  cordial  testimony  to  the  zeal  evinced  by 
Mr.  Crosskey  in  discharging  the  duties  of  Librarian,  to  the  intelligent 
and  active  interest  he  felt  in  enriching  the  collection  by  the  addition 
of  rare  and  valuable  works,  and  to  his  perseverance  and  success  in 
opening  up  an  interchange  of  the  Society's  printed  Proceedings  with 
the  publications  of  Universities  and  Scientific  Societies  abroad.  The 
additional  space  afforded  by  the  new  book-cases  is  already  to  a  large 
extent  occupied.  In  the  prospect  of  requiring  a  considerable 
accession  to  the  present  Library  accommodation,  by  the  union,  as  a 
Section  of  the  Philosophical  Society,  of  the  Society  of  Architects, 
who  will  bring  with  them  a  fine  and  costly  collection  of  illustrated 
books,  the  Council  contemplate  invoking  the  kind  offices  of  their 
neighbours,  the  Institution  of  Engineers,  whose  room,  contiguous  to 
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the  Society's  Library,  possesses  ample  space  for  the  introduction  of 
additional  book-cases.  In  regard  to  the  Library  room,  it  only 
requires  to  be  added  that  the  completion  of  its  famishing  is  still 
retarded  by  the  operations  of  workmen  in  adjoining  parts  of  the 
premises. 

With  the  nature  and  extent  of  the  accommodation  in  the  Lecture 
Hall,  the  Council,  in  common  with  the  Society  generally,  cannot 
but  feel  gricTously  disappointed.  The  Council  are  still  engaged,  in 
co-operation  with  the  Institution  of  Engineers,  in  negotiating  with 
the  Galleries  Committee  on  the  subject.  The  following  extracts 
from  the  Minutes  of  Council  shew  that  the  question  of  the  kind  of 
accommodation,  which  has  been  raised  since  the  opening  of  the 
session,  was  preceded  by  one  which  remains  unsettled,  as  to  the 
extent  of  it,  in  so  far  as  concerns  the  possession  of  the  Lecture 
Hall  :— 

"  October  14. — The  Secretary  reported  that  he  had  attended  a 
meeting  of  the  Sub-committee  of  Town  Council  on  Galleries,  held 
in  the  Town  Clerks'  office  on  the  11th  instant,  and  to  whidi  he  had 
been  invited  by  Bailie  Macdonald,  the  Conyener.  He  was  requested 
by  the  Sub-committee  to  intimate  to  the  Council  of  the  Philosophical 
Society  that  the  Galleries  Committee  were  willing  to  allow  the 
Society  the  use  of  the  Lecture  Hall  eighteen  nights  during  the 
winter,  in  virtue  of  the  arrangement  betwixt  the  Society  and  the 
Corporation,  and  for  any  further  use  of  the  Hall  the  Society  to  be 
charged  £1,  1^.  for  each  night. 

*'  The  Council  expressed  their  dissatisfaction  with  this  proposal, 
not  having  anticipated,  in  their  arrangement  with  the  Corporation, 
any  limit  to  the  necessary  use  of  the  Hall  for  Society  and  Sectional 
meetings,  along  with  the  Institution  of  Engineers  in  Scotland ;  and 
Professor  W.  J.  Macquom  Bankine,  as  an  office-bearer  of  the  Insti- 
tution, having  made  a  similar  statement  as  to  the  views  of  that 
body,  it  was  suggested  that  the  two  Societies,  through  their 
respective  Councils,  should  unite  in  insisting  on  their  right  to  the 
use  of  the  Hall,  from  October  till  May  inclusive,  on  Monday, 
Tuesday,  and  Wednesday  of  each  week, — ^the  Tuesdays  to  be  exclu- 
sively appropriated  to  the  Institution  of  Engineers,  the  Mondays 
and  Wednesdays  to  the  Philosophical  Society.  The  Council  accord- 
ingly appointed  the  following  members  as  a  deputation  to  wait 
upon  the  Cklleries  Sub-committee  of  the  Town  Council,  along  with 
any  deputation  that  may  be  nominated  by  the  Institution  of 
Engineers,  to  press  their  claim  for  the  above  arrangement,  viz. : — 
Dr.  Bryoe,  the  President;  Dr.  Francis  H.  Thomson;  ProfeasAr 
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Totmg,  M.D.;  Mr.  St.  John  Vinoent  Day;  Mr.  William  Macadam; 
the  Secretary. 

"  November  3. — The  deputation  appointed  to  wait  upon  the  Gal- 
leries Sab-committee  reported  that  they  had  fulfilled  their  instruc- 
tions, having  at  a  meeting  of  the  Sub-committee  strongly  urged 
the  Society's  claim.  They  were  requested  to  transmit  the  claim  to 
the  Town  Clerks  in  writing. 

"  November  10. — Great  inconvenience  and  discomfort  having  been 
experienced  at  the  first  meeting  of  the  Society  this  session,  from 
the  imperfect  state  of  the  Lecture  Hall,  in  respect  of  seating,  light- 
ing, and  ventilation, — and  its  capacity  being  inadequate  to  the 
accommodation  of  the  present  membership  of  the  Society,  leaving 
out  of  view  what  may  be  required  by  its  prospective  increase, — ^the 
Council  is  of  opinion  that  the  Hall  does  not  afford  '  suitable  accom- 
modation,' which  the  Corporation  undertook  to  provide  for  the 
Philosophical  Society  when  it  agreed  to  become  a  tenant  of  the 
Corporation.  The  Council  is  further  of  opinion  that  it  will  not  be 
for  the  interest  of  the  Society  to  continue  in  possession  of  the 
Rooms,  unless  the  agreement  as  to  'suitable  accommodation'  be 
fully  implemented." 

II.  The  Sanitary  and  Social  Economy  Section, — The  members  of 
the  Sewage  Association  joined  the  Society  as  a  Section,  under  this 
title,  on  the  27th  of  January.  To  the  Section  was  remitted  the 
consideration  of  the  question  of  the  removal  or  utilizing  of  the  City 
Sewage,  which  had  occupied  the  attention  of  the  Society  at  three 
successive  meetings.  These  discussions  gave  rise  to  much  public 
interest.  The  Section  embraces  a  considerable  number  of  members 
of  the  Society,  with  a  flEiir  share  of  associate  members,  who  pay  a 
small  annual  fee.  The  meetings,  as  in  the  case  of  other  Sections, 
are  open  to  all  the  members  of  the  Society. 

III.  The  Proceedings. — The  printed  Proceedings  of  Session  1868-69 
formed  the  first  number  of  the  Seventh  Volume,  and,  including 
the  Minutes  and  list  of  recent  Donations  to  the  Library,  occupied 
136  pages.  The  opening  address  of  Dr.  Francis  H.  Thomson,  the 
President,  treated  on  a  variety  of  topics  of  practical  importance, 
including  Mr.  Tail's  method  of  constructing  cheap  dwellings 
for  the  poor,  Mr.  Kansome's  patented  process  for  making 
artificial  stone,  Nobel's  application  of  dynamite  as  a  blasting  agent, 
petroleum  and  other  substances  used  for  fuel,  the  utilization  of 
sewage,  kc. 

The  Society  was  indebted  to  the  Chemical  Section  for  the  follow- 
ing contributions  to  the  Proceedings: — "  On  the  Chemistry  of  Sugar 
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Manufacture  and  Sugar  Refining,"  by  Dr.  Wallace ;  "  On  the 
Methods  and  recent  Progress  of  Spectrum  Analysis,"  by  Professor 
Herschel ;  "  On  the  Examination  of  the  Flame  of  the  Bessemer 
Converter,"  by  Mr.  Thomas  Rowan;  "  On  the  Igniting  Point  of  the 
Vapours  of  some  Commercial  Products,"  by  Mr.  W.  R.  Hutton; 
*•'  A  Chemist's  View  of  the  Sewage  Question,"  by  Mr.  Edward  C.  C. 
Stanford;  ''The  Salt  Deposits  at  Stassfiirt,"  by  Messrs.  J.  H.  Bald 
and  James  Mactear.  Mr.  Edward  Hull,  District  Surveyor  of  the 
Geological  Survey  of  Scotland,  and  since  promoted  to  the  head  of 
the  Survey  in  Ireland,  made  a  communication  to  the  Society  "  On 
the  Extension  of  the  Coal  Fields  of  England  beneath  the  recent 
Geological  Formations."  Mr.  Si.  John  Vincent  Day  read  a  paper 
"  On  the  Sun's  Distance  and  Parallax."  The  Rev.  Henry  W. 
Crosskey  gave  an  account  of  ''  Recent  Researches  into  the  Post- 
tertiary  Geology  of  Scotland."  Professor  Grant  read  a  paper  "  On 
the  Physical  Constitution  of  the  Sun^  as  revealed  by  the  Pheno- 
mena of  Solar  Eclipses."  To  Dr.  Grant's  discourse,  Sir  William 
Thomson  added  some  remarks  on  the  origin  and  age  of  the  Sun's  heat. 

The  following  additional  communications  were  not  printed  in 
the  Proceedings: — Sir  William  Thomson  shewed  some  of  Koenig's 
experiments  illustrating  vibrations  of  sound  by  means  of  fiames, 
together  with  an  instrument  contrived  by  Helmholtz  for  indicating 
the  number  of  vibrations.  Dr.  Allen  Thomson  read  a  paper  ''  On 
the  Minute  Structure,  Develojmient,  and  Comparative  Anatomy  of 
the  Retina."  Mr.  James  Thomson  read  ''  Notes  on  the  Structure, 
Stratigraphical  Position,  and  Preservation  of  certain  Carboniferous 
Fossils."  The  Proceedings  ought  to- have  been  issued  early  in  July; 
but  the  publication  was  delayed  for  upwards  of  a  month,  awaiting 
the  manuscript  of  one  of  the  communications. 

IV.  SUUe  of  the  MemberMp, — ^The  Treasurer  reports  the  largest 
accession  to  the  number  of  members  that  has  ever  occurred  in  any 
one  year  since  the  foundation  of  the  Society.  At  the  commence- 
ment of  the  session  the  members  on  the  roll  were  286,  and  96  were 
added  in  the  course  of  the  session.  The  number  in  the  printed  list 
is  369,  to  which  add  6  new  members  admitted,  and  12  elected  this 
evening,  and  the  total  membership  is  387. 

The  Librarian,  Rev.  H.  W.  Orossket,  reported  on  the  state  of 
the  Library.  The  Report  was  approved  of,  and  ordered  to  be 
printed  in  the  next  part  of  the  Society's  Proceedings.  Mr.  Cross- 
key,  on  retiring  from  the  office  of  Librarian,  received  a  cordial  vote 
of  thanks  from  the  Society  for  his  services. 
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Report  op  Librarian  on  the  State  op  the  Library. 

In  the  remoTal  of  the  Library,  the  Librarian  had  to  make  the 
best  of  the  accommodation  obtained  from  the  Corporation,  which 
fell  far  short  of  his  expectations  and  the  requirements  of  the 
Library. 

It  is  greatly  to  the  regret  of  your  Librarian  that  he  is  compelled, 
by  change  of  residence,  to  retire  from  office  at  a  period  in  the 
history  of  the  Library  when  the  opportunity  oflfers  itself  for 
carrying  out  more  fully  the  plans  he  has  for  some  years  had  at 
heart;  although  he  can  congratulate  his  successor  on  the  good 
work  before  him. 

It  has  been  your  Librarian's  great  object,  not  to  purchase  merely 
ephemeral  publications,  or  books  which  have  only  a  passing  interest, 
but  to  obtain  those  standard  works  often  beyond  the  priyate  means 
of  a  large  number  of  scientific  students,  but  essential  to  the  right 
direction  of  their  researches — to  make  the  Library  a  complete 
Beference  Library  for  the  great  departments  of  science. 

He  has  endeavoured  to  distribute  the  funds  at  his  disposal 
fairly  among  different  subjects,  and  each  year  to  add  some  great 
works  in  each  of  the  large  departments  of  knowledge.  Such  a 
plan  can  only  be  judged  over  a  series  of  years;  because  works  have 
to  be  obtained  as  they  enter  the  market,  and  blanks  filled  up  as 
opportunities  occur. 

Your  Librarian  has  also  organized  a  series  of  exchanges  with  the 
learned  Societies  of  Europe  and  America;  and  would  offer  the 
thanks  of  the  Philosophical  Society  of  Glasgow  to  those  various 
bodies  which  have  entered  into  courteous  relationship  with  it. 

Hegular  exchanges  are  now  made  with  the  following  learned 
Societies : — Royal  Institution  of  Great  Britain ;  Geological  Survey  of 
India;  Royal  Geographical  Society  of  Vienna;  Royal  Society  of 
Victoria;  Royal  Academy  of  Belgium;  Smithsonian  Institution; 
Boston  Natural  History  Society;  Lyceum  of  Natural  History,  New 
York;  Academy  of  Sciences,  Philadelphia;  Portland  Natural  History 
Society;  St.  Louis  Academy  of  Science;  Manchester  Philosophical 
Society;  Cambridge  Philosophical  Society;  Leeds  Philosophical 
Society;  Liverpool  Philosophical  Society;  Liverpool  Geological 
Society;  Edinburgh  Botanical  Society;  Royal  Society  of  Edin- 
burgh; Historical  Society  of  Lancashire  and  Cheshire;  Geological 
Society  of  the  West  Riding  of  Yorkshire;  Royal  Academy  of 
Sciences,  Berlin;   University  of  Christiania;   Royal  Institute  of 
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Lombardy;  Boyal  Scottish  Society  of  Arts;  Society  of  Arts,  Lon- 
don; Institution  of  Engineers  in  Scotland;  Glasgow  Geological 
Society;  Glasgow  Natural  History  Society;  Institution  of  Mech- 
anical Engineers;  Chemical  Society  of  London;  Chemical  Society 
of  Paris;  Pharmaceutical  Society;  Bristol  Naturalists'  Society; 
Berwickshire  Naturalists'  Club;  Woolhope  Club;  Scottish  Meteor- 
ological Society;  Anthropological  Society  of  London;  Boyal  Insti- 
tution of  Cornwall;  Bath  Natural  History  Society;  Boyal  Society 
of  Dublin;  United  States  Patent  Office;  Patent  Office,  London;. 
Cotteswald  Naturalists'  Field  Club;  Boyal  Physical  Society  of 
Edinburgh;  Bombay  Branch  of  the  Boyal  Asiatic  Society;  American 
Philosophical  Society;  National  Academy  of  Sciences,  Washington; 
Boyal  Academy  of  Sciences,  Amsterdam. 

Upon  undertaking  the  office  (1866),  your  Librarian  found  fifteen 
volumes  wanting,  and  three  parts  of  Sowerby's  Botcmy,  These  have 
all  been  discovered,  except — Brewster's  More  Worlds  them  One; 
Mantell's  Wonders  of  Geology ,  vol.  L;  Fhysico-Mechcmical  Eocperi- 
mentSy  by  B.  Boyle;  Hume  On  the  Steam  Engine, 

A  number  of  books,  of  which  only  imperfect  sets  were  in  pos- 
session of  the  Society,  have  been  completed : — Proceedings  of  RoyaZ 
Society;  Cuvier  and  Yalencienne's  Histoire  NatureUe  des  Poissons 
(vols.  xvi.  to  xxii.  obtained);  Proceedings  of  the  Eoyal Society  of  Edin- 
burgh,  completed;  Sowerby's  BoUmy;  Geological  Magaaine;  British 
Association  of  Arts  and  Sciences;  Palceontological  Society^  PuMications 
of;  Royal  Agricultural  Society  of  England;  Jowmal  of  Statistical 
Society, 

The  only  imperfect  sets  we  now  have  are — Geological  Transactions; 
Memoirs  of  the  Geological  Survey  of  Great  Britain  a/nd  Ccmada;  Pro-' 
ceedings  of  a  few  local  Societies,  chiefly  out  of  print;  Boyal  Geogror- 
phical  Societi/s  Journal,  the  wanting  volumes  of  which  have  been 
ordered. 

Having  left  the  imperfect  geological  works  to  the  last,  your 
Librarian  trusts  that  his  management  will  be  seen  to  have 
been  free  from  any  attempt  to  give  undue  prominence  to  personal 
tastes. 

Provision  for  the  Sections. — Your  Librarian  has  purchased  all  the 
books  recommended  by  the  Chemical  and  Sanitary  Sections;  and 
would  suggest  the  propriety  of  a  liberal  dealing  with  the  Sections 
in  the  management  of  the  Library. 

The  following  periodicals,  formerly  purchasedy  are  now  obtained 
without  cost: — Journal  qf  Society  of  Arts;  Chemical  yews;  Phafma- 
oeuUeal  Journal. 
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In  Binding,  large  arrears  have  been  gradually  oyertaken.  Since 
1866,  upwards  of  200  volumes  have  been  bound.  The  periodicals 
are  now  duly  bound  up  to  their  current  years. 

During  the  past  year  381  volumes  have  been  added  to  the 
Library,  making  the  total  number  of  books  4,831.  When  your 
Librarian  entered  office,  the  Library  contained  3,875  volumes;  and 
he  has  had  the  satisfieiction  of  adding,  by  gifts,  purchases,  and 
exchanges,  956  volumes  to  the  Library. 

In  resigning  office,  he  would  express  the  great  pleasure  he  has 
had  in  the  discharge  of  its  duties,  and  the  hope  that  the  interests 
of  the  Society  have  not  suffered  in  his  charge. 

The  following  Report  by  the  Treasurer,  having  been  printed  in 
the  circular  calling  the  meeting,  was  held  as  read  : — 


Abstract  op  Treasubeb's  Account.    Session  1868-69. 

Dr. 
1868.— iV^cw.  I. 

To  Balances  forward — 

In  Union  Bank  of  Scotland,.... r £0    3    4 

In  Treasurer's  hands, 0  15    IJ 

£0  18    5| 

1869.— Oc^  30. 

To  Entry  Money  and  Dnes  from  96  New  Members,  at  42«., 201  12    0 

„  Annual  Dues  from  3  Original  Members,  at  5«., £0  15    0 

„  Annual  Dues  frt>m  1  Member  for  two  years, 0  10    0 

„  Annual  Dues  from  233  Members,  at  21«., 244  13    0 

„  Annual  Dues  from  6  Members,  for  two  years, 12  12    0 

258  10    0 

„  Subscriptions  towards  Expense  of  Furnishing  New  Rooms, 107  19    0 

„  Chemical  Section.»From  22  Associates,  at  5&, £5  10    0 

Minus  Expenses, 1  13    0 

3  17    0 

„  Sanitary  Section. — 13  Associates,  at  5«., £3    5    0 

Minus  Expenses, 0  16    0 

2    9  0 

„  Institute  ofEngineers,for  Year's  Kent  till  Whit8unday,]869,&c,  20  11  8 

„  Interest  from  Bank, 0  16  7 

£596  13    84 
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Cr. 
1869.— Oc<.  30. 

Salaries  and  Wages, £120  10 

New  Books,  and  Binding, £89    6    7 

Printing  Proce«(ftn^«,  Circulars,  &C., 105  15    8 

Deliyery  and  Postage  of  Circulars, 29    0  10 

Diplomas  and  Stationery, 10    7    0 


0 


fi 


Bent  of  Boom,  Andersonian  University,  year  till  Whitsunday, 
1869, 

Tire  Insurance,  Gas,  Coal,  Water,  &c., 

Subscriptions  to  Societies : — 

Bay  Society,  .*. £110 

Pal»ontographical  Society, 110 

Boyal  Archaeological  Institute,  110 


Cost  of  Fitting  up  New  Booms,  &c, 162 

Balance— In  Union  Bank, £0  16    7 

In  Treasurer's  hands» 0  11  10} 

1 


234  10    1 

45    0    0 
29  12    8 


3 

9 


0 
6 


8    5i 


£596  13    8t 


The  Society  then  proceeded  to  the  election  of  Office-bearers,  who 
were  appointed  as  follows : — 

James  Bryce,  M.A.,  LL.D.,  F.G.S. 

Professor  Allen  Thomson,  M.D.,  F.R.S. 
Dr.  Francis  H.  Thomson. 

%ihXKtiKXL 
Mr.  St.  John  Vincent  Day,  C.R,  F.RS.E. 

Mb.  John  Mann,  C.A. 

Mr.  William  Ejsddie,  F.RS.E. 

9i}in  Ptmbiers  sd  €anml 


Mr.  George  Anderson,  M.P. 

Mr.  Alex.  S.  Herschel,  B.A. 

Prof.  John  Touno,M.D.,F.E.S.E. 

Mr.  John  Downie. 

Mr.  William  Macadam. 

Mb.  Edward  0.  C.  Stakfobd,F.C.S. 


Mb.  Moses  Provan,  C.A. 
Mb.  Sioismund  Schuman. 
Dr.  J.  G.  Fleming. 
Mr.  James  Napieb,  F.G.S. 
Mb.  Daniel  Magnee,  R.S.A. 
Mb.  Robbbt  Gbay. 
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Corporation  Buildings,  December  1,  1869. — Tlie  President  in 

the  Chair. 

The  Society  met  in  the  Central  Hall  of  the  Corporation  Grallerj 
of  Art. 

The  following  were  elected  members,  viz. : — 

Mr.  John  Millar  Thomson,  3  College ;  Mr.  John  Ferguson,  M. A., 
University  Chemical  Laboratory,  15  Shuttle  Street;  Mr.  O.  T.  B. 
Gardner,  Secretary,  Paraffin  Light  Company,  3  West  Princes 
Street;  Mr.  Ralph  Lowe,  Merchant,  52  Frederick  Street,  North; 
Mr.  K.  Ormiston,  Insurance  Broker,  135  Buchanan  Street;  Mr. 
Robert  Leggat,  Lithographer  and  Engraver,  63  West  Cumberland 
Street;  Mr.  Alexander  Gow,  Clydesdale  Dye  Works,  Rutherglen; 
Mr.  Thomas  Mann,  Wholesale  Stationer,  204  West  Regent  Street; 
Mr.  Robert  Gillies  Lowndes,  ManufEicturer,  Crosslie  House,  Thom- 
liebank;  Mr.  W.  B.  Adamson,  Manufacturer,  10  Stirling  Road; 
Mr.  James  Scott,  Oil  and  Colour  Manufacturer,  89  Breadalbane 
Terrace,  Gamethill;  Dr.  James  Cowan  Woodbum,  2  St.  George's 
Road;  Mr.  Thomas  Alexander,  8  Sardinia  Terrace;  Mr.  Thomas 
Kennedy,  99  Bath  Street;  Dr.  James  MTherson,  115  Bath  Street; 
Dr.  Thomas  Reid,  9  Elmbank  Street;  Mr.  John  Craig,  16  Abbots- 
ford  Place;  Mr.  Lewis  M*Lellan,  26  India  Street;  Mr.  James  R. 
Macfadyen,  Fellow  of  the  Faculty  of  Actuaries  of  Scotland,  City 
of  Glasgow  Life  Assurance  Company;  Mr.  William  Collins, 
Publisher,  7  Hampton  Court  Terrace. 

A  paper  on  the  subject  of  Patents  for  Inventions  was  read  by 
Mr.  St.  John  Vincent  Day,  C.E. 

The  following  motion  was  then  proposed  by  Dr.  Bryce,  President, 
and  seconded  by  Dr.  Francis  H.  Thomson,  Vice-President,  viz. : — 

''That  this  Society,  while  recognizing  the  benefits  which  have 
accrued  to  inventors,  and  to  the  public,  from  the  operation  of  the 
new  Patent  Law,  siace  the  Amendment  Act  came  into  force,  in 
1852,  considers  that  the  law  is  in  several  respects  defective;  and, 
whilst  pledging  itself  to  use  all  the  means  in  its  power  to  oppose  a 
total  abolition  of  the  law,  will  lend  an  earnest  and  active  support 
to  any  well-devised  scheme  of  amendment.'' 

On  the  invitation  of  the  President,  Mr.  Macfie,  M.P.  for  the 
Leith  Burghs,  addressed  the  Society.  Mr.  Edward  C.  C.  Stanford, 
Mr.  Walter  Montgomery  Neilson,  and  Mr.  Robertson,  took  part 
in  the  discussion, — ^the  adjournment  of  which,  till  the  next  ordinary 
meeting,  was  moved  by  Mr.  John  Mayer. 
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CarparaHon  Buildings,  December  15,  1869. — The  President  in 

the  Chair. 

The  following  gentlemen  were  elected  members,  viz. : — 

Professor  Edward  Caird,  University  of  Glasgow;  Mr.  John 
Inglis  Briioe,  Drysalter,  33  Hope  Street;  Mr.  J.  J.  Coleman, 
F.C.S.,  266  Dumbarton  Road;  Mr.  Robert  Gourlay  (Westlands, 
Laidlaw,  k  Co.),  10  Howard  Street;  Mr.  William  Walker,  Mer- 
chant, 1  West  Regent  Street;  Mr.  James  Morrison,  Auctioneer, 
102  Renfield  Street;  Mr.  James  Craig  Amot,  Painter,  121 
Douglas  Street;  Mr.  Archibald  Arrol,  16  Dixon  Street;  Mr. 
Thomas  Kennedy,  Jun.,  3  North  Exchange  Court;  Mr.  Thomas 
S.  Cree,  305  St.  Vincent  Street;  Rev.  John  Page  Hopps,  Roselynn 
Villa,  Queen's  Park;  Mr.  James  Walker  McGregor,  46  Hill 
Street,  Gamethill;  Mr.  John  M'Kendrick,  Engineer,  Cranston- 
hill;  Mr.  William  Garth  Thomson^  Merchant,  22  Lynedoch 
Street. 

The  adjourned  discussion  on  Patents  for  Inventions  was  re- 
sumed by  Mr.  John  Mayer,  F.C.S.  On  the  invitation  of  the 
President,  Mr.  Samuel  Cunliffe  Lister,  inventor  of  the  wool- 
combing  machine,  who  had  come  from  Bradford  to  be  present, 
addressed  the  Society.  He  was  followed  by  Mr.  Edmund  Hunt, 
who  proposed  the  following  resolutions : — 

''1.  In  the  opinion  of  this  Society,  the  time  has  not  arrived 
when  the  progress  of  the  arts  and  manu£BM^ures  in  this  country 
would  be  promoted  by  the  abolition  of  Patents  for  Inventions. 

'<  2.  The  seventeen  years'  experience  of  the  Patent  Law  Amend- 
ment Act  of  1852,  whilst  proving  that  it  possesses  important 
advantages,  as  compared  with  the  system  previously  existing, 
has  shewn  that  various  great  but  remediable  defects  are  associated 
with  it,  and  the  time  has  arrived  for  the  introduction  of  an 
improved  system  of  patents  avoiding  those  defects. 

"  3.  Any  Parliamentary  inquiry,  instituted  with  a  view  to 
improved  legislation,  should  be  conducted  so  as  to  collect  the 
fullest  possible  information  from  the  various  important  manu- 
facturing centres  of  the  kingdom,  and  from  all  classes  in  any 
way  concerned  in  inventions  or  patents." 

The  adjournment  of  the  discussion  was  moved  by  Mr.  J.  G. 
Lawrie;  and  the  Sodety  agreed  by  a  vote  to  hold  a  special  meeting 
on  Wednesday  next,  the  22d  December,  for  the  conclusion  of  the 
discossion. 


Ii2  PkOtmoprntemi  ^0di^ 


CK^rporaiUm  BmSdim^  DtamAer  22.  1S69.— 7%e  Peebidest 

The  SodetT  held  a  ipedid  meeting,  to  eantznoe  the  discussion  on 
the  Patent  Laws. 

The  discusnon  was  resumed  br  Mr.  J.  G.  Lawrie,  who  was 
followed  by  Dr.  Bobert  Bell,  Mr.  James  Stirling,  and  Mr.  James 
Anderson. 

Mr.  William  R.  W.  Smith  poroposed,  as  an  amendment  on  the 
motion  of  the  President,  ''  That  in  the  opinion  of  this  Society,  finom 
the  progress  of  the  arts  and  raannfartnres  in  this  countiy,  and  the 
alteration  in  our  tr«/ling  relations  with  other  ooontries,  the  time 
has  aniTed  for  a  reconaideratian  of  the  Patent  Laws."  Seconded 
by  Mr.  John  Mayer. 

After  some  remarks  by  Mr.  Walter  M.  Neilaon,  Mr.  Day  closed 
the  discussion  by  speaking  in  reply. 

The  first  motion  hsTing  been  withdrawn,  and  the  first  of 
Mr.  Hunt's  series  of  resolutions  rejected  by  a  majority  of  16  to 
12,  the  following  resolutions,  as  embracing  the  spirit  of  Mr. 
Smith's  and  Mr.  Hunt's  motion,  was  proposed  by  the  President, 
seconded  by  Dr.  Frauds  H.  Thomson,  and  unanimously  agreed 
to:— 

<<  1.  That,  in  the  opinion  of  this  Society,  the  progress  of  the  arts 
and  manufactures  in  this  country,  and  alterations  in  its  trading 
relations  with  other  countries,  render  necessary  a  reconsideration 
of  the  Patent  Laws;  and  they  would  hail  with  satis&ction  the 
appointment  of  a  Royal  Commission  to  collect  information  at  the 
great  manufacturing  centres  of  the  kingdom,  as  well  as  from  all 
classes  of  persons  in  any  way  connected  with  inventions  or 
patents. 

'*  2.  That  for  the  purpose  of  observing  the  progress  of  legisla- 
tion, and  if  necessary,  preparing  a  petition  or  memorial  in  conformity 
with  the  resolution  of  the  Society,  the  following  gentlemen  be 
appointed  a  Committee,  with  power  to  add  to  their  number,  viz. : — 
Dr.  Bryce,  President;  Dr.  Francis  H.  Thomson,  Vice-President; 
Sir  William  Thomson;  Dr.  W.  J.  Macquom  Bankine;  Mr.  "Walter 
Montgomery  Neilson;  Mr.  Edward  C.  C.  Stanford;  Mr.  J.  G. 
Lawrie;  Mr.  John  M.  Bowan;  Mr.  W.  Bae  Wilson  Smith;  Mr. 
John  Mayer;  Mr.  W.  B.  Hutton;  Mr.  James  Anderson;  Mr. 
James  Bobertson — Mr.  Walter  M.  Neilson,  Convener." 

The  Society  then  adjourned  till  the  12th  of  January. 
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Corporation  Buildings^  Ja/nuary  12,  1870. — The  President 

tn  the  Chair, 

The  Society  met  in  the  East  Hall  of  the  Upper  Corporation 
Galleries. 

The  following  were  elected  members,  viz. ; — 

Mr.  William  R.  Findlay,  Manufacturer,  62  Queen  Street;  Mr. 
James  A.  R.  Main,  Manufacturer,  5  Kenfield  Street;  Mr.  Alexander 
Smith  Baird,  Merchant,  19  Sardinia  Terrace,  Hillhead;  Mr.  J. 
Boucher,  Architect,  177  St.  Vincent  Street;  Mr.  Adam  Gossman, 
11  "Winton  Terrace,  Victoria  Road;  Mr.  Mathew  Glassford,  71 
West  Cumberland  Street;  Mr.  David  Sandeman,  Merchant,  3 
Woodlands  Terrace;  Rev.  James  Stewart  Johnson,  Manse,  Cambus- 
lang;  Mr.  James  Baird,  Manu£EuHiuring  Chemist,  54  St.  Vincent 
Street;  Mr.  Joseph  Anthony  Dixon,  Writer,  146  West  George 
Street;  Mr.  Archibald  Stewart  Byres,  Chemist,  6  South  Wellington 
Street;  Mr.  W.  A.  Stevenson,  Merchant,  26  Granville  Street;  Mr. 
William  Renny  Watson,  16  Woodlands  Terrace;  Mr.  William 
Ritchie,  Jun.,  Calico  Printer,  Kincaidfield  House,  Milton  of 
Campsie. 

ARCHITECTURAL  SECTION. 

The  Council  of  the  Glasgow  Architectural  Society  having  made 
arrangements  for  a  .union  of  that  body  with  the  Philosophical 
Society,  the  following  members  of  the  Architectural  Society  were 
duly  elected  at  last  meeting,  and  are  now  declared  to  constitute 
the  Architectural  Section  of  the  Philosophical  Society,  viz. : — 

James  Salmon,  Architect,  I. A.,  141  West  George  Street;  Alex- 
ander Thomson,  Architect,  I. A.,  183  West  George  Street;  J. 
Honeyman,  Jun.,  Architect,  I. A.,  61  West  Regent  Street;  James 
Howatt,  Measurer,  146  Buchanan  Street;  *  Campbell  T.  Bowie, 
Painter,  26  Bothwell  Street;  James  Thomson,  Architect,  I. A.,  61 
West  Regent  Street;  Mungo  C.  Duff,  Measurer,  183  West  George 
Street;  James  Steel,  Plasterer,  25  Holmhead  Street;  William 
Maclean,  Writer,  88  West  Regent  Street;  Alexander  Watt, 
Architect,  67  Renfield  Street;  Campbell  Douglas,  Architect,  I. A., 
266  St.  Vincent  Street;  James  Watson,  Builder,  3  North  Cumber- 
land Street,  Calton;  James  Adam,  Architect,  154  George  Street; 

*  Thoee  having  an  asteriak  attached  to  their  naines  were  {irevioiialy  Memben 
of  the  Philosophioal  Society.  Thoee  having  LA  are  Members  of  theJnatitute 
of  Arehiteeto. 
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James  Henderson,  Architect,  193  St.  Vincent  Street;  Alexander 
M'Auat,  Slater,  27  St.  Andre Vs  Lane;  James  Hamilton,  Architect, 
111    West   Regent   Street;  J.  Wilson,  Builder,  468   Gallowgate; 
*  Walter  Macfarlane,  Engineer,  Saracen  Foundry,  46  Washington 
Street;  George  Thomson,  Architect,  I. A.,  183  West  George  Street; 
J.  Shields,  Jun.,  Measurer,  183  West  George  Street;  J.  M'Donald, 
Builder,  Comley  Park  House;  *  Walter  M.   Neilson  (Locomotive 
Works,  Springbum),  Hydepark ;  William  Clarke,  Architect,  I.A., 
37  West  Nile  Street;  J.  Mossman,  Sculptor,  83  North  Frederick 
Street;  Thomas  Russell,  Saracen  Foundry,  46  Washington  Street; 
Thomas  Lamb,  Builder,  190  Parliamentary  Road;  *  Angus  Kennedy, 
Architect,  LA,  99  Bath  Street;  Charles  Gray,  Painter,  156  West 
George  Street;  *  William   Connell,  Plumber,  108  Argyle   Street; 
Henry  Herbertson,  Measurer,  137  West  Regent  Street;  William 
Wilson,  Builder,  740  Gallowgate;  Robert  M'Cord,  Builder,  54  St. 
Enoch  Square;  Robert  Ward,  Builder,  19  Germiston  Street;  James 
Lamb,  Surveyor  and  Valuator,  9  West  Regent  Street;  J.  Cannan, 
Agent,  243  Buchanan  Street;  *  James  Allan,  Sen.,  83  Bothwell 
Street;  Alexander  Smith,  Slater,  20  Little  Hamilton  Street;  J. 
M*Intyre,  Wright,  317  Bath  Street;  Charles  Malloch,  Glass  Mer- 
chant, 12  Croy  Place;  John  J.  Stevenson,  Architect,  LA,  266  St. 
Vincent  Street;  J.  Hay,  Valuating  Engineer,  110  Bothwell  Street; 
J.  Neilson,  Builder,  301   St.  Vincent  Street;  *  James   Stevenson, 
Jun.,  Yam  Merchant,  23  West  Nile  Street;  *  John  Thomson,  Potter, 
Annfield  Pottery,  573  Gallowgate;  *  Alexander  Harvey,  Dyer,  4 
South  Wellington  Place;  Charles  Carlton,  Painter,  119  St.  Vincent 
Street;   John  Gordon,  Architect,  LA,  175  Hope  Street;  Henry 
Pumell,  Heating  and   Ventilating   Engineer,  305  Parliamentary 
Road;  William  Thomson,  Modeller,  7  Chatham  Place;  Alexander 
Goldie,  Bricklayer,   78  Rutherglen  Loan;  Robert  Corbet^  Brick- 
builder,  70  Fordneuk  Street;  James  Connell,  Joiner,  59  St  James 
Street,  Kingston;  Alexander  Marshall,  Joiner,  9  Havelock  Street; 
George  Laird,  Wright,  10  Ann  Street,  Bridgeton;  James  Thomson, 
Messrs.  Allan  &  Mann,  48  St.   Enoch  Square ;  Alexander  Muir, 
Mason,  3  Abbotsford  Place;   Robert   Baldie,  Architect,  LA.,  29 
Bath  Street;  James  Stewart,  Slater,  48  Norfolk  Street;  Horatio 
K.   Bromhead,  Architect,  LA.,  159  West  George  Street;  George 
Smith,  Ironfounder,  64  Port-Dundas  Road;  Daniel  Cottier,  Glass 
Painter,  130  West  Graham  Street;  Robert  G.  Melvin,  Architect, 
124  St.  Vincent  Street;  Robert  Ramage,  Painter,  61  Union  Street; 
James  Walker,  Jun.,  Measurer,  175  West  George  Street;  J.  Cowan, 
Wright,  24  Dover  Street;  *  William  Gentles,  Paperhanging  Ware- 
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houseman,  10  Jamaica  Street;  William  Forrest  Salmon,  Aicliitect, 
I. A.,  141  West  George  Street;  William  Howatt,  Measurer,  146 
Buchanan  Street;  Walter  Tully  Knox,  40  M^Kechnie  Street;  James 
Millar,  Wright,  124  Parliamentary  Road ;  John  D.  Thomson,  Timber 
Merchant,  54  Jane  Street;  William  Steven,  Brickbuilder,481  London 
Road. 

The  following  motion  was  proposed  by  Mr.  John  Mayer,  and 
seconded  by  Mr.  Sigismund  Schuman : — 

"  That  the  Council  of  the  Philosophical  Society  be  respectfully 
requested  to  make  arrangements  to  have  full  reports  taken  of  all 
discussions  at  the  Society's  meetings,  and  of  such  communications 
as  are  made  orally  to  the  Society." 

After  some  discussion  the  motion  was  withdrawn  in  favour  of  a 
recommendation,  which  met  with  general  concurrence,  that  the 
Council  take  the  matter  into  consideration. 

Dr.  Francis  H.  Thomson  reported  on  the  part  of  the  Council 
the  result  of  recent  negotiations  with  the  Committee  of  Town  Coun- 
cil, for  the  purpose  of  obtaining  adequate  accommodation  for  the 
general  meetings  of  the  Society.  The  Committee  offered  to  the 
Society  for  its  ordinary  meetings  the  East  Hall  of  the  Upper 
Corporation  Galleries,  at  an  additional  rent  of  £30  per  annum,  the 
Society  being  at  the  same  time  allowed  the  use  of  the  Lecture  Hall 
for  its  Sectional  meetings,  as  under  the  former  arrangement 
whereby  the  Society  became  the  tenant  of  the  Corporation.  The 
Council,  considering  the  necessity  which  had  arisen,  by  the  large 
influx  of  new  members,  for  a  greater  amount  of  accommodation  than 
was  anticipated  when  the  Society  took  possession  of  its  rooms  in 
the  Corporation  Buildings,  agreed  to  recommend  to  the  meeting 
this  evening  to  accept  of  the  offer  made  by  the  Committee  of  Town 
Council,  stipulating,  however,  that  the  East  Hall  be  rendered  more 
comfortable  and  suitable  for  the  meetings  of  the  Society. 

The  recommendation  of  the  Council  was  unanimously  approved  o£ 

Dr.  Bryce,  the  President,  read  a  paper  "  On  the  Geological  Struc- 
ture of  Skye  and  the  West  Highlands." 


Corporation  Buildings^  Jcmuovry  26,  1870. — The  President 

in  the  Chair, 

The  following  were  elected  members,  viz. : — 

Mr.  William  Swan,   Shipbuilder,   MaryhiU;   Mr.   William  A^ 

Vol.  Vn.— No.  2.  2  a 
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Smith,  2  North  Court,  Royal  Exchange;  Mr.  William  Foulis, 
Engineer,  42  Virginia  Street;  Mr.  John  Knox,  70  St.  Vincent 
Street;  Mr.  Zechariah  John  Heys,  Calico  Printer,  South  Arthurlie, 
Barrhead;  Mr.  George  Erskine  Darling,  247  West  Greorge  Street; 
Mr.  Robert  Mitchell,  113  Argyle  Street. 

Mb.  James  R.  Macfadtex,  Fellow  of  the  Faculty  of  Actuaries 
of  Scotland,  read  a  paper  "  On  the  Scientific  Principles  affecting 
the  Solvency  of  a  Life  Assurance  Company,  and  the  extent  to 
which  the  Public  can  be  protected  against  their  Violation." 

In  the  discussion  which  followed  the  reading  of  the  paper,  Mr. 
Anderson,  M.P.,  Mr.  Jefirey,  Mr.  Prentice,  Mr.  Tumbull,  Mr. 
Brown,  Mr.  Provan,  and  Mr.  Marr,  took  part. 


Corporation  BuUdinggy  Fehmary  9,  1870. — The  President 

in  the  Chair. 

The  following  were  elected  members,  viz. : — 

Mr.  Joseph  Campbell,  Jun.,  Merchant,  80  Gordon  Street;  Mr. 
Charles  Prentice,  Actuary,  39  St.  Vincent  Place;  Mr.  John  Hunter 
Jackson,  35  Carnarvon  Street;  Mr.  James  Reid,  Engineer,  Well- 
field,  Springbum. 

Pbofessor  Young  called  attention  to  an  inaccurate  report  of  the 
proceedings  of  the  Society  on  the  12th  of  January,  which  had  been 
published  in  the  periodical  entitled  Natwre^  on  February  3.  On  the 
motion  of  the  President,  seconded  by  Mr.  James  Thomson,  the 
Secretary  was  instructed  to  send  a  letter  to  the  editor,  disavowing 
the  report  as  being  *'  inaccurate  and  unauthorized." 

The  President  mentioned  that  the  Council  had  duly  considered 
the  Society's  remit  as  to  the  reporting  of  its  proceedings;  and  that, 
at  the  Councirs  request,  the  Secretary  had  undertaken  to  perform 
this  duty. 

It  was  also  reported  from  the  Council,  by  the  President,  that  a 
committee  of  its  members  had  been  nominated  to  co-operate  in  any 
way  competent  to  them  with  the  North  of  England  Institute  of 
Engineers,  on  the  occasion  of  their  holding  their  annual  meeting  in 
Glasgow  this  year, — the  invitation  to  the  Philosophical  Society  to 
lend  its  assistance  having  been  communicated  through  Professor  W. 
J.  Macquom  Rankine. 

Db.  Gairdner  delivered  an  address  ''  On  Defects  of  House  Con- 
strootion  in  Glasgow  as  a  Cause  of  Mortality." 
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After  some  remarks  by  Mr.  Morrison,  the  discussion  was,  on  the 
motion  of  Mr.  M'Adam^  adjourned  till  next  meeting. 


Corporation  BuUdingSy  Febrwcury  23,  1870. — Thb  President 

in  the  Chair, 

The  following  were  elected  members,  viz. : — 

Mr.  Thomas  Maclean,  Merchant,  124  Queen  Street;  Mr.  Alex- 
ander Mitchell,  Jun.,  Manufacturer,  11  Wilton  Crescent;  Dr.  John 
Clark,  Andersonian  University;  Mr.  George  Bell,  I. A.,  37  "West 
Nile  Street;  Dr.  John  M'Conville,  27  Ehnbank  Place;  Mr.  A. 
H.  Maclean,  Yam  Merchant,  124  Queen  Street;  Bailie  Alexander 
Osborne,  5  Oakley  Terrace,  Dennistoun. 

The  discussion  on  Dr.  Gairdner's  communication,  "  On  Defects  of 
House  Construction  in  Glasgow  as  a  Cause  of  Mortality,"  was  re- 
sumed by  Mr.  David  G.  Hoey,  who  was  followed  by  Mr.  TJre,  Mr. 
Finlay,  Mr.  M*Intosh,  Mr.  Eamsay  of  Kildalton,  Mr.  Bromhead, 
and  Mr.  William  R.  W.  Smith.     The  discussion  then  terminated. 


Corporation  BuildingSy  Ma/rch  9,  1870. — The  President 

in  the  Chair, 

The  following  were  elected  members,  viz. : — 

Mr.  John  Young,  Jun.,  Forth  Street,  Port-Dundas;  Mr.  Jamea 
Fleming,  Jun.,  Newlandsfield,  PoUokshaws;  Mr.  James  Alexander, 
Jun.,  Writer,  153  St.  Yinoent  Street;  Mr.  David  J.  M'Goun,  Dry- 
salter,  7  Berkley  Terrace. 

The  Pbesidekt  mentioned  that  at  present  there  was  an  extra- 
ordinary development  of  spots  on  the  Sun,  the  dimensions  of  several 
of  which  he  pointed  out. 

Mr.  William  West  Watson,  City  Chamberlain,  read  a  paper 
entitled,  <<  A  Glance  at  some  of  the  Yital  and  Social  Statistics  of 
Glasgow  in  1869.^  In  the  discussion  which  followed.  Dr.  Gairdner, 
Dr.  Bell,  Dr.  Lyon,  Dr.  Morton,  Dr.  Cowan,  Mr.  Macintosh,  and 
others,  took  part. 
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Corporation  Buildings,  March  23,  1870.— 7%€  President 

in  the  Chair. 

The  following  papers  were  read,  viz. : — 

Mr.  John  M.  Thomson, — "  Notes  upon  the  Appearance  and 
Chemical  Constitution  of  Ancient  Glass  found  in  Tombs  in  the 
Island  of  Cyprus." 

Mr.  John  Mayer, — "  On  the  recent  Progi-ess  of  the  Iron  Manu- 
facture in  Cleveland." 


Corporation  Buildings,  Apinl  13,  1870.— ^«  President 

in  t/ie  Chair. 

The  Society,  on  the  recommendation  of  the  Council,  agreed  to 
grant  the  sum  of  £5  to  the  fund  now  being  collected  for  the  relief 
of  the  family  of  the  late  Professor  Sars  of  Christiania,  Norway. 
The  first  vote  was  taken,  and  passed  unanimously. 

Mr.  Provan  called  attention  to  the  insufficiency  of  the  subscrip- 
tion by  members  of  the  Society  to  meet  the  expense  incurred  in 
removing  from  the  former  to  the  present  rooms;  and  proposed  that 
members  who  had  not  contributed  for  this  purpose  should  be  called 
upon  by  the  collector  for  their  subscriptions, — the  call,  however, 
not  to  be  made  upon  those  who  have  recently  joined  the  Society. 

Professor  Young,  M.D.,  read  an  abstract  of  a  paper  "  On  the 
Definition  of  a  *  Formation '  in  Geology."  He  sketched  the  gradual 
changes  of  meaning  which  the  term  had  undergone,  and  remarked 
on  the  want  of  precision  in  the  use  of  this  and  other  phrases.  He 
described  at  length  the  views  of  Austen,  E.  Forbes,  Huxley,  and 
Barraude,  on  the  correlation  of  strata,  and  the  arguments  with 
which  these  views  had  been  met.  The  object  of  the  paper  was 
to  support  the  definition  of  a  formation  as  a  zoological  province, 
and  to  shew  that  generalized  geological  sections  are  a  fruitful  source 
of  misapprehension,  and  that  the  insertion  in  the  list  of  strata  in 
any  country  of  so-called  "  missing  strata "  found  elsewhere,  is  at 
variance  with  the  principles  established  by  Hamsay  in  his  anni- 
versary addresses  to  the  Geological  Society. 

Mr.  James  Thomson  described  the  structural  characteristics  of 
the  different  species  of  Megalichthys,  which  he  illustrated  by  a  suite 
of  specimens^  and  by  sections  under  the  microscope. 


Minutes,  349 


Corporation  Buildings,  April  27,  1870. — Tlie  President 

in  t/ie  Chair, 

On  the  assembling  of  the  Society  this  evening,  the  President 
referred  to  the  loss  which  it  had  sustained  since  the  last  meet- 
ing, by  the  death  of  Dr.  Francis  H.  Thomson,  one  of  the  Vice- 
Presidents.  The  President,  after  making  some  suitable  remarks 
on  Dr.  Thomson's  character  and  attainments,  and  on  his  long 
and  valuable  services  to  the  Society,  moved  that,  out  of  respect 
to  his  memory,  the  Society  do  now  adjourn  for  a  week,  and  that 
the  President  and  Secretary  be  instructed  to  prepare  a  minute 
expressive  of  the  Society's  sense  of  its  loss,  and  of  its  sympathy 
with  Dr.  Thomson's  widow  in  her  bereavement. 


Corporation  Buildings,  May  4,  1870. — The  President 

in  tlie  Cluiir, 

The  Secretary  read  the  following  notice  of  the  death  of  Dr. 
Thomson,  which  he  was  instructed  to  insert  in  the  minutes,  and 
communicate  a  copy  of  it  to  Mrs.  Thomson : — 

"  The  Philosophical  Society  avails  itself  of  the  earliest  oppor- 
tunity of  expressing  its  profound  sorrow  for  the  loss  it  has  sustained 
by  the  death  of  Dr.  Francis  Hay  Thomson,  one  of  its  Vice-Presidents. 

"  Dr.  Thomson's  services  to  the  Societv  commenced  in  1846,  when 
he  took  an  active  share  in  promoting  the  Exhibition  of  that  year, 
especially  in  its  department  of  the  Fine  Arts;  and  they  terminated 
in  his  persevering  and  successful  efforts  to  obtain  from  the  Muni- 
cipal Corporation  a  portion  of  the  funds  accruing  from  that 
Exhibition,  to  be  applied  to  the  present  and  future  accommodation  of 
the  Society. 

"  He  occupied  the  chair  for  a  somewhat  prolonged  period — first 
as  Vice-President  (during  a  temporary  vacancy),  and  afterwards  as 
President ;  and  throughout  his  term  of  office  he  evinced  a  zealous 
interest  in  all  that  pertained  to  the  prosperity  and  progress  of  the 
Society.  Only  those  who  came  most  frequently  in  contact  with 
him  knew  the  amount  of  patient  attention  which  he  devoted  to  the 
Society,  and  how  accessible  he  was  at  all  times,  when  his  advice 
and  assistance  were  required  in  the  management  of  its  affairs. 

**  His  intercourse  with  the  members  of  Council  was  uniformly 
friendly,  affable,  and  confiding;  and  all  of  them  will  miss  his  genial 
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*  t  •  !?*  iii»  atuiiujii^rv   u   wr  mil  «ckuiv-  "in*  ^•*ci**:^  ■r-iL  mr^  el, 

jtMxui  v'liAfii.  idtt  K'  iiudomi.*T  uiipiusc  itar  iouuisi  Jiniisi^  of  onmisisac 


TA*«  ff/lWwmi^  ^euxiiabi'Hi   tFvre  prapc«ad   us  memlaers.  coi  the 
w^d^fityAms^UMj^  ikiMX  th^  hkUfA  ft/r  tLeir  elacdoD  will  be  taken  at  the 

Mr  Jmsu*iDi  Asj4^rh^nx^  <Jil  and  Colour  Kercbant,  5S  Hrde  Park 
f  Hir^fi ;  M  r.  HVfph^rij  M^av^zi^  lianuiaetarer.  47  Queen  Street ;  Mr. 

(  Allan  H,  }AM/:M\st,u^  f;  LaiiiidowDe  Crescent;  Mr. C.  Buie  Benshaw, 

'j  (fUntifhirl^'.kf  hy  I'sihiUiy;  ]>r,  William  Greenleea,  11  Flmh^nk  Street; 

Mr  l*W/iiu  WiJkirui^/n  Watiion^  8  Grafton  Place;  Mr.  John  Rankine, 
tinfm^tfrf  HinXhclydts  Turkey-red  Dye  Works;  Dr.  A,  Wood  Smith, 
KF.I'.H.O.,  6  NewUm  Terrace;  Mr.  James  A,  Wenley  (Bank  of 
Hiitti\tt,uii)f  8  Lyuttihtch  Crescent;  Mr.  J.  C.  Wyper  (Messrs.  F.  Orr 
k  Koim);  Mr  IU>lx;rt  A.  Bryden,  I. A.,  34  Abbotsford  Place;  Mr. 
WniUtii  M<ilviii,  80  Houth  Portland  Street;  Dr.  James  Stewart, 
0  limiidoti  I'lao<i;  Mr  Alexander  Fergusson,  Treasurer,  Caledonian 
JUilwuy  (Company,  31  Klmbank  Crescent;  Mr.  James  Aspin, 
VantUli  MniiiifiMjtunT,  1  India  Street,  West;  Mr.  Archibald  Nairn, 
WHtfhi,  'ii  (^odiraii  Street, 
i  I  Tho  folio w I iif(  piipnrH  were  read: — 

j  \)\i,  Hlivric,    -••  Oil  11  Group  of  Syonitic  Bocks  at  Westfield,  near 

hliillMiiiow,"  with  runiarkH  ou  the  suitability  of  various  rocks  for 
Imrhnur  wurkH  liud  utrtu^t  maUTials. 
jAJ  Mh,  W.  Knudi «»-***  On  China  OrMB  {BoeJitneria  nivea),  for  the 
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preparation  of  which,  by  suitable  machinery,  th^  Government  of 
India  offers  a  prize  of  £5,000." 

Mr.  Robert  R.  Tatlock  reported  on  the  proceedings  of  the 
Chemical  Section. 

CHEMICAL  SECTION. 

The  Council  of  the  Section  are  glad  to  be  able  to  report  to  the 
Society  that  everything  connected  with  the  working  of  the  Section 
continues  in  a  most  satisfactory  condition.  There  are  now  61 
associates  who  are  not  members  of  the  parent  Society ;  and  the 
number  would  have  been  considerably  greater,  but  for  the  fact  that 
many  of  the  associates  have  been  led,  on  account  of  their  connec- 
tion with  the  Section,  to  see  the  advantages  of  joining  the  Philo- 
sophical Society,  and  have  in  consequence  become  members  of  that 
body. 

Eleven  meetings  have  been  held  during  the  present  session,  at 
which  sixteen  papers  have  been  read;  each  paper  having  a  special 
interest,  and  some  of  them  based  upon  original  researches.  Short 
abstracts  of  these  papers  appeared  at  intervals  in  the  Chemical  News^ 
a  fuller  report  of  the  more  important  papers  being  reserved  for  the 
Proceedings  of  the  Philosophical  Society, 

The  following  is  a  brief  sketch  of  the  proceedings  of  the 
Section : — 

At  the  opening  meeting,  8th  November,  1869,  Dr.  Wallace, 
F.R.S.E.,  Yice-President,  delivered  the  usual  presidential  address, 
in  which  he  referred  at  great  length  to  the  progress  of  chemical 
science  within  the  last  few  years,  and  also  to  the  life  and  labours  of 
the  late  Mr.  Graham,  Master  of  the  Mint. 

At  the  second  meeting,  the  same  gentleman  gave  an  account  of 
his  experiments  with  the  water  of  domestic  cisterns,  demonstrating 
that  the  fears  which  had  been  entertained  regarding  the  danger  of 
using  such  water  for  dietetic  purposes  were  groundless. 

At  the  next  meeting,  Mr.  E.  C.  C.  Stanford  read  a  paper  "  On 
the  Action  of  House  Sewage  on  Lead  Pipes,''  shewing  that  the  pipes 
are  frequently  rapidly  corroded  by  the  sewage,  and  leakage  of  the 
contents  caused  thereby. 

At  the  same  meeting,  Mr.  R.  R.  Tatlock  read  a  paper  "  On  the 
Estimation  of  Iodine  and  Bromine,"  the  method  described  being 
based  on  the  fact  that  bromine  replaces  iodine,  and  chlorine  re- 
places both. 

At  the  fourth  meeting,  Mr.  W.  R.  Hutton  read  a  communication 
"  On  Coal-smoke."     The  author  proposed,  as  a  means  of  diminishing 


At  ii*«r  l*^Ji<^viiije  jLutJWdJig-  It  paj»«r-  "C^ii  AndikcMul  AlinuTErf*-''  w^as 
retkd  bv  Mil.  J.  W.  Yovss^q.  «mb<*dTiitg  lii^-  reFii}ii»  <isf  zmsfcercnu  ei- 

IM^riiuejut*  uufcd^  br  tLt  auiiior  CJii  liiifc  i^ev  hzid  inqtcnxLi  ««lc*T3rmff 

exJxitUiMiv^  wsiiaxer.  aud  iIJui^mi;t*e«d  Lj  ii^22zi€3x>xi&  djtd  speameiis  of 
^slvtic  7Ta<?  yriMjtiibdhtz^  *A  tLtiw  t^ro  er«nB^  haTe  excited  tlie 
wUfT^^  </f  «4?venJ  of  the  lt*diLg  cLemisii^  of  tie  ocmntiy. 

Ax  tL/(>  u^vifuxh  mt>etiiig.  Mn.  A.  Cajipbell.  St.  R^^ox  Chemical 
WorkM,  r^snd  two  omitnhutvjEUi  ^*  On  Califomian  Borax  and  Sicilian 
Hulphur/'  Me.  James  Mahoxt  then  read  a  note  "On  the  Ooize 
frofu  ike  AtLantk'  8ear->>ed,  of^tained  daring  the  Dredging  Expedition 
of  H,M.H.  PorrvjA/i/i;  "  which  jjaper  wa*  foUowed  by  one  from  Mr. 
fhAnroHD,  "On  Shell  Sand  from  the  Island  of  ColL" 

Mb.  Charles  Smith^  at  the  iracceeding  meeting,  exhibited  several 
pi/^Xffi  of  Chemical  and  Electrical  apfiaratus,  of  a  kind  seldom  re- 
quin^l  in  physical  researches,  explanations  being  given  by  Dr. 
Wallace;, 

On  March  14,  Mb.  W.  R.  Hutton  occupied  the  greater  part  of 
tho  evening  with  a  description  of  Canadian  Phosphate  of  Lime,  and 
other  plK/Nphatlc  Hul>stances  used  in  the  manu£Etcture  of  artificial 
mfinur(;s.  This  was  followed  by  a  note  from  Me.  Mahony,  "  On 
Plat^)  Sulphate  of  PoUsh." 

At  the  nfixt  niec*ting,  Mr.  T.  L.  Patterson  described  a  method  of 
obtaining  a  continuous  blast  of  air  under  pressure  for  blow-pipe  and 
other  jjurjjosoH.  The  apparatus  described  was  an  ingenious  adapta- 
tion of  the  princi])le  of  the  Sprongel  air-pump. 

At  the  concluding  mooting,  a  very  important  and  elaborate  paper, 
'*()n  the  Impuritios  of  th(?  Air  of  Towns,"  was  given  by  Dr.  R.  Angus 
Hm  ITU,  F.li.S.,  Inspector  of  Alkali  Works.  The  author,  in  the  course 
of  tluj  paper^  referred  to  the  condition  of  the  air  of  Glasgow  and 
Lontlon.  His  researches  on  this  subject  had  not  been  completed  ; 
but  HO  far  as  they  wont,  indicated  the  greater  contamination  of 
OliiMgow  air. 

Tlu^  uumbor  of  papers  read,  and  of  such  high  merit,  is  regarded 
by  the  Council  as  exot^edingly  encouraging,  and  as  tending  to  shew 
that  i\u^  Section  ia  in  a  most  healthy  and  promising  state. 

The  Council  trust  that  the  members  of  the  parent  Society  will,  in 
(Nature,  avail  thonisolvos  more  largely  of  their  privilege  of  attending 
the  nieotingH  of  the  Swtion. 
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Mr.  David  G.  Hoey  reported  on  the  proceedings  of  the  Section 
of  Sanitary  and  Social  Economy. 

SANITARY  AND  SOCIAL  ECONOMY  SECTION. 

The  first  paper  of  the  session  was  read  by  Mr.  George  Chapman^ 
on  8th  December,  1869,  being  a  critique  on  Dr.  Anderson's  Report 
on  the  Glasgow  Sewage. 

Mr.  Chapman  compared  the  analyses  of  the  Glasgow  sewage,  as' 
given  in  the  Report,  with  those  of  Messrs.  Hoffmann  and  Witt,  which 
were  generally  received  as  the  recognized  standard  of  comparison ; 
and  he  pointed  out  a  great  disparity  between  the  two,  from  which 
he  averred  that  the  Report  by  Dr.  Anderson  made  out  the  Glasgow 
sewage  to  be  entirely  different  from  that  of  any  other  place  within 
the  United  Kingdom.  The  great  discrepancies  were  especially 
noticeable  in  the  proportions  of  ammonia  and  potash  stated  as 
found  in  the  Glasgow  sewage. 

As  regarded  the  irrigation  scheme  of  Messrs.  Bateman  and  Bazal- 
gette,  Mr.  Chapman  regarded  it  with  extreme  disfavour.  In  no  case 
had  sewage  irrigation  yielded  good  results  to  the  communities  that 
had  adopted  it  as  a  means  of  getting  rid  of  their  sewage,  with  the 
exception  of  Rugby  and  Edinburgh — cases  in  which  there  were 
exceptional  circumstances  rendering  that  possible  which  in  the 
ordinary  case  was  altogether  impracticable.  The  land  to  be  irrigated 
in  the  two  cases  referred  to  was  near  at  hand,  and  lay  at  a  low  level. 

A  discussion  followed  the  reading  of  Mr.  Chapman's  paper,  the 
general  tenor  of  the  remarks  being  in  opposition  to  the  proposed 
irrigation  scheme  of  Messrs.  Bateman  and  Bazalgette,  and  to  the 
recommendations  contained  in  Dr.  Anderson's  Report.  The  Section, 
as  a  whole,  was  entirely  unfavourable  to  the  mode  of  dealing  with 
human  excreta  by  water-carriage. 

The  second  paper  of  the  session  was  read  by  Dr.  Gray,  on  28th 
December,  the  subject  being  the  Sewage  question.  In  his  opening 
remarks.  Dr.  Gray  referred  to  various  expedients  that  might  be 
adopted  to  improve  the  sanitary  condition  of  the  city  generally. 
He  then  proceeded  to  describe  his  proposed  plan  for  the  disposal  of 
the  sewage,  which  he  stated  to  consist  of  the  forming  of  large 
intercepting  sewers,  running  on  each  side  of  the  Clyde,  and 
receiving  in  their  course  the  total  sewage  of  the  city,  including  the 
rainfall,  thus  interfering  as  little  as  possible  with  the  existing 
sewerage  of  the  city,  and  not  at  all  in  any  way  with  the  domestic 
facilities  of  the  citizens.     The  water-closet  system  he  regarded  as 
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fixed  and  UDmoreable.  The  North  side  interoqptmg  sever  to  be 
mkf^Ait  nime  miles  long,  snd  Tsrring  in  dimmeter  from  4  to  7  J  feet — 
the  gradient  Taiying  from  4  feet  to  abont  20  inches  to  the  mile. 
Aboat  two-thirds  of  the  sewage  of  Glasgow  to  be  taken  np  bj  the 
North  intercepting  sewer,  terminating  in  a  receiving  tank,  from  which 
tank  or  pond  he  proposed,  bv  some  mechanical  means,  to  lift  the 
sewage  a  height  of  about  16  feet,  for  filtration — the  filtrate  to  pass 
through  and  flow  into  the  Cljde  nearly  pure,  the  solid  filtrant  to 
be  retained  as  a  manure  for  further  manipulation.  The  South  side 
intercepting  sewer  would  be  about  eight  and  a  half  miles  long,  with 
diameter  from  3  feet  to  5^  feet.  The  sewage  to  be  utilized  in  the 
same  manner  as  on  the  North  side.  The  gases  generated  in  the 
sewers  to  be  carried  off  by  tubes  raised  to  a  certain  height,  fitted 
with  argand  gas-burners,  by  which  the  gases  to  be  burned.  The 
filter,  composed  of  cinders,  peat  moss,  powdered  bricks,  and  gypsum, 
which  is  changed  once  a  fortnight  or  so;  but  other  means  might 
be  used. 

Dr.  Gray  calculated  that  by  his  process  we  shotdd  be  able  to 
manufacture  above  120,000  tons  of  artificial  guano;  and  the  nett 
profit  upon  each  ton  he  estimated  at  ten  shillings,  after  paying  all 
expenses. 

The  general  remarks  made  at  the  close  were  in  accordance  with 
the  formerly-expressed  opinions  of  the  Section. 

On  the  19th  January,  1870,  the  Rev.  J.  Page  Hopps  read  a  paper 
"  On  Co-operation,"  in  which  he  said  that  existing  arrangements, 
in  rcHpect  of  the  employment  of  labour,  had  naturally  grown  out 
of  inevitable  conditions  and  circumstances,  but  the  seneeded  re- 
adj\i8tment,  and  that  every  strike  or  lock-out  indicated  this.  A 
conflict  of  interests  was  producing  every  species  of  waste,  loss,  and 
distrust.  The  remedy  he  proposed  was  identification  of  interests 
as  far  as  possible ;  and  this  remedy  was  to  be  found  in  a  system  of 
co-operation  between  capital  and  labour.  The  system  could  be 
practically  illustrated  by  a  reference  to  several  successful  enter- 
prises,— notably  for  reference  to  the  very  important  colliery  at 
Whitwood,  near  Normanton,  where  the  Messrs.  Briggs  had  for 
Bovoral  years  worked  their  mines  on  the  principle  of  paying  a  fixed 
interest  (10  per  cent.)  to  capital,  and  dividing  surplus  profits  (after 
making  the  necessary  deductions  for  wear  and  tear,  &c.)  between 
capital  and  labour.  The  result,  in  every  direction,  had  been 
remarkable.  Savings  had  been  effected,  strikes  prevented,  and 
orders  had  been  dosjmtched  with  eager  alacrity.  The  yearly  profits 
had  risen  from  6  to  14   per  cent.,  and  each  year's  report  bore 
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witness  to  the  fact  that,  under  the  new  system,  more  can  be  got  out 
of  an  old  concern — capital  and  labour  had  been  alike  advantaged. 

An  interesting  discussion  followed  the  reading  of  the  paper. 

On  2d  February,  a  paper  was  read  by  Mr.  William  Melvin, 
"  On  the  Licensing  System  in  Scotland,"  which  gave  rise  to  a 
warm  and  animated  discussion,  that  extended  over  four  ordinary  fort- 
nightly meetings  of  the  Section.  Mr.  Melvin,  in  his  opening  remarks, 
stated  that  he  inclined  to  the  opinion  that  public  sentiment  would 
not  sustain  or  sanction  legislation  in  this  country,  in  the  direction 
of  the  Permissive  Bill,  for  a  long  time  to  come.  It  was  likely 
Government  wotdd  propose  a  measure  of  further  restriction  for 
England  in  the  ensuing  session.  Should  legislation  be  proposed 
for  Scotland,  he  considered  that  the  following  suggestions  might 
be  not  unworthy  of  notice,  as  amendments  of  the  law,  viz. : — 

(1.)  That  the  maximum  number  of  licenses  should  be  fixed  for 
cities  or  towns  in  proportion  to  the  population — say  one  license 
for  500  of  the  population.  (2.)  That  grocers'  licenses  should  be 
abolished.  (3.)  That  the  excise  scale  of  duty  shotdd  continue  to 
rise,  so  that,  instead  of  the  maximum  duty  being  reached  at  £50  of 
rental,  as  at  present,  said  scale  should  now  be  carried  up  to  £200 
or  even  £300  of  rental.  (4.)  That  the  appeal  court  be  abolished. 
(5.)  That  the  magistrates  of  cities  and  burghs  shall  alone  be 
empowered  to  ^  the  number  of  licenses  to  be  granted  annually 
— said  number  never  to  exceed  1  to  500  of  population.  (6.) 
That  the  ratepayers,  by  a  decided  majority  in  any  street, 
ward,  burgh,  or  parish,  shall  be  empowered  to  prevent  any  license 
being  granted  or  continued  in  their  respective  localities  against 
their  formally-expressed  wish.  (7.)  That  a  municipal  rate  or 
tax  should  be  imposed  on  each  license,  in  addition  to  the 
excise  duty,  of  at  least  £30  per  annum ;  and  when  two  or  more 
applicants  shall  apply  for  a  license,  sealed  tenders  shall  be  invited, 
so  that  the  license  shall  be  given  to  the  highest  offerer,  and  said 
premium,  by  competition,  shall  be  paid  into  the  said  municipal 
fund.  (8.)  That  said  municipal  tax  or  rate  on  public-houses 
shall  be  equally  divided  between  the  police-rate,  the  poor-rates, 
and  fever  hospitals  of  the  city  or  burgh.  (9.)  That  licenses  shall 
only  be  granted  to  parties  who  shall  personally  superintend  said 
public-houses,  and  be  responsible  for  good  order  therein.  (10.) 
That  back  doors,  or  concealed  entrances  to  public-houses,  shall  be 
illegal  and  punishable  by  penalties.  (11.)  That  only  one  sitting 
room  or  pubUc  saloon  shall  be  allowed  in  each  public-house, 
besides  the  bar  or  ooiinter.     (12.)  That  every  public-house  shall  be 
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distant   from   another   licensed    honse   at   least    100   yards.     (13.) 
That   these    public-houses    shall    close   up   at  9    p.m.     (14.)  That 
''  drunkards,  three  times  convicted,  shall  not  be  knowingly  supplied 

;f  with  intoxicating  liquors  by  publicans,  under  the  penalty  of  loss 

of    license.     (15.)  That   an    asylum   shall   be   provided,  in   which 
^-  drunkards  may  l>e  subjected  to  necessary  and  legal  restraint.     (16.) 

]l,  That    inspectors  shall    be  appointed  for  the  due   enforcement    of 

the  law,  to  be  paid  out  of  the  municipal  rate  or  tax  on  public- 
houses. 

The  discussion  which  followed  the  reading  of  this  paper  was  both 
interesting  and  im[>ortant,  the  Council  of  the  Section  having  invited 
the  attendance  of  parties  known  to  be  interested  therein,  and  repre- 
senting all  varieties  of  opinion  thereon,  including  magistrates  and 
other  gentlemen  holding  official  positions,  as  well  as  prominent 
members  and  representatives  of  the  spirit  trade.  This  discussion 
was  much  too  long  and  varied  to  render  it  possible  to  give  even  an 
al>stract  of  it  within  the  limits  of  the  present  Report. 

On  the  evening  of  Wednesday,  30th  March,  Mb.  R.  M.  Macintyre, 
of  the  Mechanics'  Institution,  read  a  paper  "  On  Defects  of  House 
Construction." 

At  the  outset  of  his  remarks  he  stated  that  in  Glasgow  the  great 
idea  seemed  to  be  spending  money  in  useless  decoration,   while 
ventilation  was  left  to  accident,  and  suggested  that  the  authorities 
should  have  power  to  prevent  dwelling-houses  and  workshops  being 
vi '!  occupied  until  some  means  were  adopted  for  their  being  properly 

ventilated.  The  idea  that  the  ordinary  fireplace  was  sure  to  with- 
draw the  foul  air  was  not  only  erroneous,  but  barbarous;  and  he 
held  that  nature  pointed  to  the  ceiling  as  the  place  by  which  the 
vitiated  air  would  readily  escape.  He  condemned  the  present  mode 
of  building  in  Scotch  towns,  of  piling  one  house  upon  another,  with- 
out leaving  sufficient  breathing  space  inside  and  outside;  and  also 
the  practice  followed  in  Glasgow,  of  drawing  the  water  from  a  cistern 
which  was  but  rarely,  if  ever,  cleaned  out. 

The  houses  which  they  should  build  should  consist  of  two  apart- 
ments, something  on  the  plan  of  the  houses  got  up  in  London  and 
its  neighbourhood.  Supposing  that  each  house  cost  XI 00,  5,500 
could  be  built  for  the  sum  stated;  and  at  the  rate  of  four  or  five 
individuals  to  each,  they  could  accommodate  28,000  of  the  popula- 
tion. The  rent  for  these  houses — 2«.  to  3*.  per  week — he  should 
fiancy,  would  yield  a  pretty  fair  percentage  on  the  money  expended. 
He  concluded  by  saying  that  the  first  thing  to  be  done  by  their 
!.jj  j  authorities  was  to  erect  dwelling-houses  for  workmen  at  some  dis- 
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tance  from  the  town.  These  houses  might  all  be  joined  together; 
but  whatever  plan  was  adopted,  a  standing  rule  should  be  to  allow 
a  certain  space  of  ground  for  every  four  families  or  so.  Attention 
should  be  given  to  lighting  and  ventilation,  and  one,  or  two  at 
most,  water-closets — ventilated  towards  the  outside — should  be  pro- 
vided for  every  four  families.  Steps  should  also  be  taken  to  induce 
the  railway  companies  to  run  cheap  trains  into  the  city. 

A  general  discussion  followed  the  reading  of  the  paper. 

On  Wednesday  evening,  20th  April,  the  closing  meeting  for 
the  session  was  held,  when  Mr.  William  Walker  read  a  paper 
"  On  Homes  for  the  Eeclamation  of  Young  Women,"  with  a  glance 
at  the  experience  of  the  Home  at  Lochbui*n. 

Mr.  Walker  referred  at  the  outset  to  the  change  that  had  come  over 
society,  with  reference  to  the  treatment  of  young  women  who  have 
fallen  into  open  vice.  He  believed  it  was  the  spirit  of  Christ  that 
was  afresh  asserting  itself  as  a  living  power  in  the  hearts  of  men ; 
and  under  the  influence  of  that  spirit,  kindly  words  were  spoken, 
and  sisterly  and  brotherly  hands  held  out,  to  help  and  to  raise  "  the 
woman  that  was  (or  is)  a  sinner."  In  nothing  was  this  change 
more  remarkable  than  in  the  tone  of  the  highest  literature  of  the 
day,  of  which  Mr.  Walker  gave  instances  from  Lecky*s  European 
MoralSf  and  from  the  Contemporary  Review,  He  then  referred  to 
the  various  reftiges  that  had  been  opened  in  London  for  this 
unhappy  class.  Some  years  ago  he  had  inquired  into  the  history 
of  about  twenty  of  these  institutions,  and  found  that  only  one  of 
the  twenty  belonged  to  the  last  century — the  Magdalen  Hospital, 
founded  in  1758.  All  the  others  had  been  instituted  within  the 
last  seventy  years;  most  of  them,  indeed,  within  the  last  thirty- 
five  years.  The  society  to  which  he  directed  particular  attention  is 
called  the  Kescue  Society,  and  acted  upon  the  plan  of  having,  not 
one  large  establishment,  but  a  number  of  small  Homes,  on  the  family 
principle,  each  having  accommodation  for  from  twenty  to  twenty- 
five  inmates.  It  had  been  in  operation  for  about  sixteen  years,  was 
conducted  with  great  economy  in  its  management,  and  had  been 
extremely  successful  in  the  way  of  rescuing  and  reclaiming  young 
women.  It  had  at  present  twelve  Homes,  with  accommodation  in 
all  for  about  225  inmates.  Mr.  Walker  referred  to  a  visit  he  had 
paid  to  one  of  these  Homes  a  few  weeks  ago,  furnishing  interesting 
details  illustrative  of  the  spirit  in  which  they  are  managed,  and 
the  success  that  attends  them.  Lastly,  Mr.  Walker  gave  some 
account  of  the  origin  of  the  Home  at  Lochbum,  near  Maryhill,  of 
which  he  is  a  director,  with  interesting  information  as  to  work 
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Corporation  BiUldings,  March  23,  1870. — The  President 

in  the  Chair. 

The  following  papera  were  read,  viz.  : — 

Mr.  John  M.  Thomson, — "  Notes  upon  the  Appearance  and 
Chemical  Constitution  of  Ancient  Glass  found  in  Tombs  in  the 
Island  of  Cyprus." 

Mr.  John  Mayer, — "  On  the  recent  Progress  of  the  Iron  Manu- 
fecture  in  Cleveland." 


Corporation  Buildings,  April  13,  1870.— 7%e  President 

in  the  Chair. 

The  Society,  on  the  recommendation  of  the  Council,  agreed  to 
grant  the  sum  of  £5  to  the  fund  now  being  collected  for  the  relief 
of  the  family  of  the  late  Professor  Sars  of  Christiania,  Norway. 
The  first  vote  was  taken,  and  passed  unanimously. 

Mr.  Provan  called  attention  to  the  insufficiency  of  the  subscrip- 
tion by  members  of  the  Society  to  meet  the  expense  incurred  in 
removing  from  the  former  to  the  present  rooms;  and  proposed  that 
members  who  had  not  contributed  for  this  purpose  should  be  called 
upon  by  the  collector  for  their  subscriptions, — the  call,  however, 
not  to  be  made  upon  those  who  have  recently  joined  the  Society. 

Professor  Young,  M.D.,  read  an  abstract  of  a  paper  "  On  the 
Definition  of  a  '  Formation '  in  Geology."  He  sketched  the  gradual 
changes  of  meaning  which  the  term  had  undergone,  and  remarked 
on  the  want  of  precision  in  the  use  of  this  and  other  phrases.  He 
described  at  length  the  views  of  Austen,  E.  Forbes,  Huxley,  and 
Barraude,  on  the  correlation  of  strata,  and  the  arguments  with 
which  these  views  had  been  met.  The  object  of  the  paper  was 
to  support  the  definition  of  a  formation  as  a  zoological  province, 
and  to  shew  that  generalized  geological  sections  are  a  fruiti^l  source 
of  misapprehension,  and  that  the  insertion  in  the  list  of  strata  in 
any  country  of  so-called  "  missing  strata "  found  elsewhere,  is  at 
variance  with  the  principles  established  by  Kamsay  in  his  anni- 
versary addresses  to  the  Geological  Society. 

Mr.  James  Thomson  described  the  structural  characteristics  of 
the  different  species  of  Megalichthys,  which  he  illustrated  by  a  suite 
of  specimens^  and  by  sections  under  the  microscope. 
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Corporation  Buildings,  April  27,  1870. — The  Pbesident 

in  the  Cliair, 

On  the  assembling  of  the  Society  this  evening,  the  President 
referred  to  the  loss  which  it  had  sustained  since  the  last  meet- 
ing, by  the  death  of  Dr.  Francis  H.  Thomson,  one  of  the  Vice- 
Presidents.  The  President,  after  making  some  suitable  remarks 
on  Dr.  Thomson's  character  and  attainments,  and  on  his  long 
and  valuable  services  to  the  Society,  moved  that,  out  of  respect 
to  his  memory,  the  Society  do  now  adjourn  for  a  week,  and  that 
the  President  and  Secretary  be  instructed  to  prepare  a  minute 
expressive  of  the  Society's  sense  of  its  loss,  and  of  its  sympathy 
with  Dr.  Thomson's  widow  in  her  bereavement. 


Corporation  Buildinga^  May  4,  1870. — The  President 

in  the  Chair, 

The  Secretary  read  the  following  notice  of  the  death  of  Dr. 
Thomson,  which  he  was  instructed  to  insert  in  the  minutes,  and 
communicate  a  copy  of  it  to  Mrs.  Thomson : — 

"  The  Philosophical  Society  avails  itself  of  the  earliest  oppor- 
tunity of  expressing  its  profound  sorrow  for  the  loss  it  has  sustained 
by  the  death  of  Dr.  Francis  Hay  Thomson,  one  of  its  Vice-Presidents. 

"  Dr.  Thomson's  ser\dces  to  the  Society  commenced  in  1846,  when 
he  took  an  active  share  in  promoting  the  Exhibition  of  that  year, 
especially  in  its  department  of  the  Fine  Arts;  and  they  terminated 
in  his  persevering  and  successful  efforts  to  obtain  from  the  Muni- 
cipal Corporation  a  portion  of  the  funds  accruing  from  that 
Exhibition,  to  be  applied  to  the  present  and  future  accommodation  of 
the  Society. 

'^  He  occupied  the  chair  for  a  somewhat  prolonged  period — ^first 
as  Vice-President  (during  a  temporary  vacancy),  and  afterwards  as 
President ;  and  throughout  his  term  of  office  he  evinced  a  zealous 
interest  in  all  l^t  pertained  to  the  prosperity  and  progress  of  the 
Society.  Only  those  who  came  most  frequently  in  contact  with 
him  knew  the  amount  of  patient  attention  which  he  devoted  to  the 
Society,  and  how  accessible  he  was  at  all  times,  when  his  advice 
and  assistance  were  required  in  the  management  of  its  affairs. 

'^  His  intercourse  with  the  members  of  Council  was  uniformly 
friendly,  affable,  and  confiding;  and  all  of  them  will  miss  his  genial 
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and  welcome  presence^  and  feel  the  want  of  his  practical  sagacity 
and  talent  for  business. 

"  To  his  attainments  in  art  and  science,  the  Society  will  have  an 
opportunity  of  bearing  testimony,  through  an  official  channel,  on  a 
future  and  more  befitting  occasion.  Suffice  it,  meanwhile,  for  the 
Society  to  record  the  simple  utterance  of  its  sincere  regret  for  the 
loss  of  an  efficient  office-bearer,  an  accomplished  member,  and  a 
true-hearted  friend. 

"  The  Society  will  not  venture  to  obtrude  upon  the  sacredness  of 
private  and  £a.mily  sorrow,  beyond  the  expression  of  its  respectful 
and  affectionate  sympathy  with  Dr.  Thomson's  widow,  in  a  bereave- 
ment which  has  so  suddenly  blighted  her  fondest  hopes  of  domestic 
happiness.'' 


The  proposal  to  vote  the  sum  of  £5  from  the  funds  of  the  Society, 
for  the  relief  of  the  family  of  the  late  Professor  Sars,  was  a  second 
time  submitted  to  the  Society,  and  finally  agreed  to. 

The  following  gentlemen  were  proposed  as  members,  on  the 
understanding  that  the  ballot  for  their  election  will  be  taken  at  the 
first  meeting  in  next  session  :-^ 

Mr.  James  Anderson,  Oil  and  Colour  Merchant,  58  Hyde  Park 
Street;  Mr.  Stephen  Mason,  Manufacturer,  47  Queen  Street;  Mr. 
Allan  H.  Maclellan,  6  Lansdowne  CJrescent;  Mr.  C.  Buie  Renshaw, 
Glenpatrick,  by  Paisley;  Dr.  William  Greenlees,  11  Elmbank  Street  J 
Mr.  Thomas  Wilkinson  Watson,  8  Grafton  Place ;  Mr.  John  Kankine, 
Manager,  Stratholyde  Turkey-red  Dye  Works;  Dr.  A.  Wood  Smith, 
F.F.P.S.G.,  5  Newton  Terrace;  Mr.  James  A.  Wenley  (Bank  of 
Scotland),  8  Lynedoch  Crescent;  Mr.  J.  C.  Wyper  (Messrs.  F.  Orr 
&  Sons);  Mr.  Robert  A.  Bryden,  I. A.,  34  Abbotsford  Place;  Mr. 
William  Melvin,  89  South  Portland  Street;  Dr.  James  Stewart, 
6  Brandon  Place;  Mr.  Alexander  Fergusson,  Treasurer,  Caledonian 
Bailway  Company,  31  Elmbank  Crescent;  Mr.  James  Aspin, 
Varnish  Manufacturer,  1  India  Street,  West;  Mr.  Archibald  Nairn, 
Wright,  24  Cochran  Street. 

The  following  papers  were  read : — 

Dr.  Bryce, — "  On  a  Group  of  Syenitic  Eocks  at  Westfield,  near 
Linlithgow,"  with  remarks  on  the  suitability  of  various  rocks  for 
harbour  works  and  street  materials. 

Mr.  W.  Keddie, — "  On  China  Grass  {Baehmeria  nitea),  for  the 
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preparation  of  which,  by  suitable  machinery,  thje  Government  of 
India  offers  a  prize  of  £5,000." 

Mr.  Kobert  R.  Tatlock  reported  on  the  proceedings  of  the 
Chemical  Section. 

CHEMICAL  SECTION. 

The  Council  of  the  Section  are  glad  to  be  able  to  report  to  the 
Society  that  everything  connected  with  the  working  of  the  Section 
continues  in  a  most  satisfactory  condition.  There  are  now  61 
associates  who  are  not  members  of  the  parent  Society ;  and  the 
number  would  have  been  considerably  greater,  but  for  the  fact  that 
many  of  the  associates  have  been  led,  on  account  of  their  connec- 
tion with  the  Section,  to  see  the  advantages  of  joining  the  Philo- 
sophical Society,  and  have  in  consequence  become  members  of  that 
body. 

Eleven  meetings  have  been  held  during  the  present  session,  at 
which  sixteen  papers  have  been  read;  each  paper  having  a  special 
interest,  and  some  of  them  based  upon  original  researches.  Short 
abstracts  of  these  papers  appeared  at  intervals  in  the  Chemical  News^ 
a  fuller  report  of  the  more  important  papers  being  reserved  for  the 
Proceedings  of  the  Philosophical  Society. 

The  following  is  a  brief  sketch  of  the  proceedings  of  the 
Section : — 

At  the  opening  meeting,  8th  November,  1869,  Dr.  Wallace, 
F.R.S.E.,  Vice-President,  delivered  the  usual  presidential  address, 
in  which  he  referred  at  great  length  to  the  progress  of  chemical 
science  within  the  last  few  years,  and  also  to  the  life  and  labours  of 
the  late  Mr.  Graham,  Master  of  the  Mint. 

At  the  second  meeting,  the  same  gentleman  gave  an  account  of 
his  experiments  with  the  water  of  domestic  dstems,  demonstrating 
that  the  fears  which  had  been  entertained  regarding  the  danger  of 
using  such  water  for  dietetic  purposes  were  groundless. 

At  the  next  meeting,  Mr.  E.  C.  C.  Stanford  read  a  paper  "  On 
the  Action  of  House  Sewage  on  Lead  Pipes,"  shewing  that  the  pipes 
are  frequently  rapidly  corroded  by  the  sewage,  and  leakage  of  the 
contents  catLsed  thereby. 

At  the  same  meeting,  Mr.  R.  R.  Tatlock  read  a  paper  "  On  the 
Estimation  of  Iodine  and  Bromine,"  the  method  described  being 
based  on  the  fact  that  bromine  replaces  iodine,  and  chlorine  re- 
places both. 

At  the  fourth  meeting,  Mr.  W.  B.  Huttok  read  a  communication 
*'  On  Coal-smoke."     The  author  proposed,  as  a  means  of  diminishing 
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smoke,  to  distil  the  coal  to  obtain  a  useful  and  saleable  oil,  and  then 
to  use  the  residual  coke  as  fuel. 

At  the  following  meeting,  a  paper,  "On  Artificial  Alizarine,"  was 
read  by  Mb.  J.  W.  Young,  embodying  the  results  of  numerous  ex- 
periments made  by  the  author  on  this  new  and  important  colouring 
matter ;  and  on  the  evening  of  meeting  thereafter,  Mr.  J.  Christie 
followed  with  the  same  subject,  treated  in  a  most  elaborate  and 
exhaustive  manner,  and  illustrated  by  numerous  dyed  specimens  of 
cloth.  The  proceedings  of  these  two  evenings  have  excited  the 
interest  of  several  of  the  leading  chemists  of  the  country. 

At  the  seventh  meeting,  Mb.  A.  Campbell,  St.  Kollox  Chemical 
Works,  read  two  contributions  "  On  Califomian  Borax  and  Sicilian 
Sulphur."  Mr.  James  Mahony  then  read  a  note  "  On  the  Ooze 
from  the  Atlantic  Sea-bed,  obtained  during  the  Dredging  Expedition 
of  H.M.S.  Porcupine;  "  which  paper  was  followed  by  one  from  Mr. 
Stanford,  "  On  Shell  Sand  from  the  Island  of  Coll." 

Mr.  Charles  Smith,  at  the  succeeding  meeting,  exhibited  several 
pieces  of  Chemical  and  Electrical  apparatus,  of  a  kind  seldom  re- 
quired in  physical  researches,  explanations  being  given  by  Dr. 
Wallace. 

On  March  14,  Mr.  W.  R.  Hutton  occupied  the  greater  part  of 
the  evening  with  a  description  of  Canadian  Phosphate  of  Lime,  and 
other  phosphatic  substances  used  in  the  manufacture  of  artificial 
manures.  This  was  followed  by  a  note  from  Mb.  Mahony,  "  On 
Plate  Sulphate  of  Potash." 

At  the  next  meeting,  Mr.  T.  L.  Patterson  described  a  method  of 
obtaining  a  continuous  blast  of  air  under  pressure  for  blow-pipe  and 
other  puri)oses.  The  apparatus  described  was  an  ingenious  adapta- 
tion of  the  principle  of  the  Sprengel  air-pump. 

At  the  concluding  meeting,  a  very  important  and  elaborate  paper, 
"  On  the  Impurities  of  the  Air  of  Towns,"  was  given  by  Dr.  R.  Angus 
Smith,  F.R.S.,  Inspector  of  Alkali  Works.  The  author,  in  the  course 
of  the  paper,  referred  to  the  condition  of  the  air  of  Glasgow  and 
London.  His  researches  on  this  subject  had  not  been  completed  ; 
but  so  far  as  they  went,  indicated  the  greater  contamination  of 
Glasgow  air. 

The  number  of  papers  read,  and  of  such  high  merit,  is  regarded 
by  the  Council  as  exceedingly  encouraging,  and  as  tending  to  shew 
that  the  Section  is  in  a  most  healthy  and  promising  state. 

The  Council  trust  that  the  members  of  the  parent  Society  will,  in 
future,  avail  themselves  more  largely  of  their  privilege  of  attending 
the  meetings  of  the  Section. 
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Mr.  David  G.  Hoey  reported  on  the  proceedings  of  the  Section 
of  Sanitary  and  Social  Economy. 

SANITARY  AND  SOCIAL  ECONOMY  SECTION. 

The  first  paper  of  the  session  was  read  by  Mr.  George  Chapman, 
on  8th  December,  1869,  being  a  critique  on  Dr.  Anderson's  Report 
on  the  Glasgow  Sewage. 

Mr.  Chapman  compared  the  analyses  of  the  Glasgow  sewage,  as' 
given  in  the  Report,  with  those  of  Messrs.  Hoffmann  and  Witt,  which 
were  generally  received  as  the  recognized  standard  of  comparison ; 
and  he  pointed  out  a  great  disparity  between  the  two,  from  which 
he  averred  that  the  Report  by  Dr.  Anderson  made  out  the  Glasgow 
sewage  to  be  entirely  different  from  that  of  any  other  place  within 
the  United  Kingdom.  The  great  discrepancies  were  especially 
noticeable  in  the  proportions  of  ammonia  and  potash  stated  as 
found  in  the  Glasgow  sewage. 

As  regarded  the  irrigation  scheme  of  Messrs.  Bateman  and  Bazal- 
gette,  Mr.  Chapman  regarded  it  with  extreme  dis&vour.  In  no  case 
had  sewage  irrigation  yielded  good  results  to  the  communities  that 
had  adopted  it  as  a  means  of  getting  rid  of  their  sewage,  with  the 
exception  of  Rugby  and  Edinburgh — cases  in  which  there  were 
exceptional  circumstances  rendering  that  possible  which  in  the 
ordinary  case  was  altogether  impracticable.  The  land  to  be  irrigated 
in  the  two  cases  referred  to  was  near  at  hand,  and  lay  at  a  low  level. 

A  discussion  followed  the  reading  of  Mr.  Chapman's  paper,  the 
general  tenor  of  the  remarks  being  in  opposition  to  the  proposed 
irrigation  scheme  of  Messrs.  Bateman  and  Bazalgette,  and  to  the 
recommendations  contained  in  Dr.  Anderson's  Report.  The  Section, 
as  a  whole,  was  entirely  unfavourable  to  the  mode  of  dealing  with 
human  excreta  by  water-carriage. 

The  second  paper  of  the  session  was  read  by  Dr.  Gray,  on  28th 
December,  the  subject  being  the  Sewage  question.  In  his  opening 
remarks,  Dr.  Gray  referred  to  various  expedients  that  might  be 
adopted  to  improve  the  sanitary  condition  of  the  city  generally. 
He  then  proceeded  to  describe  his  proposed  plan  for  the  disposal  of 
the  sewage,  which  he  stated  to  consist  of  the  forming  of  large 
intercepting  sewers,  running  on  each  side  of  the  Clyde,  and 
receiving  in  their  course  the  total  sewage  of  the  city,  including  the 
rainfall,  thus  interfering  as  little  as  possible  with  the  existing 
sewerage  of  the  city,  and  not  at  all  in  any  way  with  the  domestic 
facilities  of  the  citizens.     The  water-closet  system  he  regarded  as 
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fixed  and  immoveable.  The  North  side  intercepting  sewer  to  be 
about  nine  miles  long,  and  varying  in  diameter  from  4  to  7^  feet — 
the  gradient  varying  from  4  feet  to  about  20  inches  to  the  mile. 
About  two-thirds  of  the  sewage  of  Glasgow  to  be  taken  up  by  the 
North  intercepting  sewer,  terminating  in  a  receiving  tank,  from  which 
tank  or  pond  he  proposed,  by  some  mechanical  means,  to  lift  the 
sewage  a  height  of  about  16  feet,  for  filtration — the  filtrate  to  pass 
through  and  flow  into  the  Clyde  nearly  pure,  the  solid  filtrant  to 
be  retained  as  a  manure  for  further  manipulation.  The  South  side 
intercepting  sewer  would  be  about  eight  and  a  half  miles  long,  with 
diameter  from  3  feet  to  5^  feet.  The  sewage  to  be  utilized  in  the 
same  manner  as  on  the  North  side.  The  gases  generated  in  the 
sewers  to  be  carried  off  by  tubes  raised  to  a  certain  height,  fitted 
with  argand  gas-burners,  by  which  the  gases  to  be  burned.  The 
filter,  composed  of  cinders,  peat  moss,  powdered  bricks,  and  gypsum, 
which  is  changed  once  a  fortnight  or  so;  but  other  means  might 
be  used. 

Dr.  Gray  calculated  that  by  his  process  we  should  be  able  to 
manufacture  above  120,000  tons  of  artificial  guano;  and  the  nett 
profit  upon  each  ton  he  estimated  at  ten  shillings,  after  paying  all 
expenses. 

The  general  remarks  made  at  the  close  were  in  accordance  with 
the  formerly-expressed  opinions  of  the  Section. 

On  the  19th  January,  1870,  the  Rev.  J.  Page  Hopps  read  a  paper 
"  On  Co-operation,"  in  which  he  said  that  existing  arrangements, 
in  respect  of  the  employment  of  labour,  had  naturally  grown  out 
of  inevitable  conditions  and  circumstances,  but  the  seneeded  re- 
adjustment, and  that  every  strike  or  lock-out  indicated  this.  A 
conflict  of  interests  was  producing  every  species  of  waste,  loss,  and 
distrust.  The  remedy  he  proposed  was  identification  of  interests 
as  far  as  possible ;  and  this  remedy  was  to  be  found  in  a  system  of 
co-operation  between  capital  and  labour.  The  system  could  be 
practically  illustrated  by  a  reference  to  several  successi^l  enter- 
prises,— ^notably  for  reference  to  the  very  important  colliery  at 
Whitwood,  near  Normanton,  where  the  Messrs.  Briggs  had  for 
several  years  worked  their  mines  on  the  principle  of  paying  a  fixed 
interest  (10  per  cent.)  to  capital,  and  dividing  surplus  profits  (after 
making  the  necessary  deductions  for  wear  and  tear,  <kc.)  between 
capital  and  labour.  The  result,  in  every  direction,  had  been 
remarkable.  Savings  had  been  effected,  strikes  prevented,  and 
orders  had  been  despatched  with  eager  alacrity.  The  yearly  profits 
had  risen  from  5  to  14   per  cent.,  and  each   year's  report  bore 
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witness  to  the  fact  that,  under  the  new  system,  more  can  be  got  out 
of  an  old  concern — capital  and  labour  had  been  alike  advantaged. 

An  interesting  discussion  followed  the  reading  of  the  paper. 

On  2d  February,  a  paper  was  read  by  Mr.  William  Melvin, 
"On  the  Licensing  System  in  Scotland,"  which  gave  rise  to  a 
warm  and  animated  discussion,  that  extended  over  four  ordinary  fort- 
nightly meetings  of  the  Section.  Mr.  Melvin,  in  his  opening  remarks, 
stated  that  he  inclined  to  the  opinion  that  public  sentiment  would 
not  sustain  or  sanction  legislation  in  this  country,  in  the  direction 
of  the  Permissive  Bill,  for  a  long  time  to  come.  It  was  likely 
Government  would  propose  a  measure  of  further  restriction  for 
England  in  the  ensuing  session.  Should  legislation  be  proposed 
for  Scotland,  he  considered  that  the  following  suggestions  might 
be  not  unworthy  of  notice,  as  amendments  of  the  law,  viz. : — 

(1.)  That  the  maximum  number  of  licenses  should  be  fixed  for 
cities  or  towns  in  proportion  to  the  popxdation — say  one  license 
for  500  of  the  population.  (2.)  That  grocers'  licenses  should  be 
abolished.  (3.)  That  the  excise  scale  of  duty  should  continue  to 
rise,  so  that,  instead  of  the  maximum  duty  being  reached  at  £50  of 
rental,  as  at  present,  said  scale  should  now  be  carried  up  to  £200 
or  even  £300  of  rental.  (4.)  That  the  appeal  court  be  abolished. 
(5.)  That  the  magistrates  of  cities  and  burghs  shall  alone  be 
empowered  to  fix  the  number  of  licenses  to  be  granted  annually 
— said  number  never  to  exceed  1  to  500  of  population.  (6.) 
That  the  ratepayers,  by  a  decided  majority  in  any  street, 
ward,  burgh,  or  parish,  shall  be  empowered  to  prevent  any  license 
being  granted  or  continued  in  their  respective  localities  against 
their  formally-expressed  wish.  (7.)  That  a  municipal  rate  or 
tax  should  be  imposed  on  each  license,  in  addition  to  the 
excise  duty,  of  at  least  £30  per  annum ;  and  when  two  or  more 
applicants  shall  apply  for  a  license,  sealed  tenders  shall  be  invited, 
so  that  the  license  shall  be  given  to  the  highest  offerer,  and  said 
premium,  by  competition,  shall  be  paid  into  the  said  municipal 
fund.  (8.)  That  said  municipal  tax  or  rate  on  public-hotLses 
shall  be  equally  divided  between  the  police-rate,  the  poor-rates, 
and  fever  hospitals  of  the  city  or  burgh.  (9.)  That  licenses  shall 
only  be  granted  to  parties  who  shall  personally  superintend  said 
public-houses,  and  be  responsible  for  good  order  therein.  (10.) 
That  back  doors,  or  concealed  entrances  to  public-houses,  shall  be 
illegal  and  punishable  by  penalties.  (11.)  That  only  one  sitting 
room  or  public  saloon  shall  be  allowed  in  each  public-house, 
besides  the  bar  or  counter.     (12.)  That  every  public-house  shall  be 
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distant  from  another  licensed  house  at  least  100  yards.  (13.) 
That  these  public-houses  shall  close  up  at  9  p.m.  (14.)  That 
drunkards,  three  times  convicted,  shall  not  be  knowingly  supplied 
with  intoxicating  liquors  by  publicans,  under  the  penalty  of  loss 
of  license.  (15.)  That  an  asylum  shall  be  provided,  in  which 
drunkards  may  be  subjected  to  necessary  and  legal  restraint.  (16.) 
That  inspectors  shall  be  appointed  for  the  due  enforcement  of 
the  law,  to  be  paid  out  of  the  municipal  rate  or  tax  on  public- 
houses. 

The  discussion  which  followed  the  reading  of  this  paper  was  both 
interesting  and  important,  the  Council  of  the  Section  having  invited 
the  attendance  of  parties  known  to  be  interested  therein,  and  repre- 
senting all  varieties  of  opinion  thereon,  including  magistrates  and 
other  gentlemen  holding  official  positions,  as  well  as  prominent 
members  and  representatives  of  the  spirit  trade.  This  discussion 
was  much  too  long  and  varied  to  render  it  possible  to  give  even  an 
abstract  of  it  within  the  limits  of  the  present  Report. 

On  the  evening  of  Wednesday,  30th  March,  Mr.  R.  M.  Macintyre, 
of  the  Mechanics'  Institution,  read  a  paper  "  On  Defects  of  House 
Construction." 

At  the  outset  of  his  remarks  he  stated  that  in  Glasgow  the  great 
idea  seemed  to  be  spending  money  in  useless  decoration,  while 
ventilation  was  left  to  accident,  and  suggested  that  the  authorities 
should  have  power  to  prevent  dwelling-houses  and  workshops  being 
occupied  until  some  means  were  adopted  for  their  being  properly 
ventilated.  The  idea  that  the  ordinary  fireplace  was  sure  to  vnth- 
draw  the  foul  air  was  not  only  erroneous,  but  barbarous;  and  he 
held  that  nature  pointed  to  the  ceiling  as  the  place  by  which  the 
vitiated  air  would  readily  escape.  He  condemned  the  present  mode 
of  building  in  Scotch  towns,  of  piling  one  house  upon  another,  with- 
I  out  leaving  sufficient  breathing  space  inside  and  outside;  and  also 

the  practice  followed  in  Glasgow,  of  drawing  the  water  from  a  cistern 
which  was  but  rarely,  if  ever,  cleaned  out. 

The  houses  which  they  should  build  should  consist  of  two  apart- 
ments, something  on  the  plan  of  the  houses  got  up  in  London  and 
its  neighbourhood.  Supposing  that  each  house  cost  XlOO,  5,500 
could  be  built  for  the  sum  stated;  and  at  the  rate  of  four  or  five 
individuals  to  each,  they  could  accommodate  28,000  of  the  popula- 
tion. The  rent  for  these  houses — 2«.  to  3«.  per  week — ^he  should 
fancy,  would  jrield  a  pretty  fair  percentage  on  the  money  expended. 
He  concluded  by  saying  that  the  first  thing  to  be  done  by  their 
authorities  was  to  erect  dwelling-houses  for  workmen  at  some  dis- 
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tance  from  the  town.  These  houses  might  all  be  joined  together; 
but  whatever  plan  was  adopted,  a  standing  rule  should  be  to  allow 
a  certain  space  of  ground  for  every  four  families  or  so.  Attention 
should  be  given  to  lightiiig  and  ventilation,  and  one,  or  two  at 
most,  water-closets — ventilated  towards  the  outside — should  be  pro- 
vided for  every  four  families.  Steps  should  also  be  taken  to  induce 
the  railway  companies  to  run  cheap  trains  into  the  city. 

A  general  discussion  followed  the  reading  of  the  paper. 

On  Wednesday  evening,  20th  April,  the  closing  meeting  for 
the  session  was  held,  when  Mr.  William  Walker  read  a  paper 
"  On  Homes  for  the  Reclamation  of  Young  Women,"  with  a  glance 
at  the  experience  of  the  Home  at  Lochbum. 

Mr.  Walker  referred  at  the  outset  to  the  change  that  had  come  over 
society,  with  reference  to  the  treatment  of  young  women  who  have 
fallen  into  open  vice.  He  believed  it  was  the  spirit  of  Christ  that 
was  afresh  asserting  itself  as  a  living  power  in  the  hearts  of  men ; 
and  under  the  influence  of  that  spirit,  kindly  words  were  spoken, 
and  sisterly  and  brotherly  hands  held  out,  to  help  and  to  raise  "  the 
woman  that  was  (or  is)  a  sinner."  In  nothing  was  this  change 
more  remarkable  than  in  the  tone  of  the  highest  literature  of  the 
day,  of  which  Mr.  Walker  gave  instances  from  Lecky*s  European 
Moralsy  and  from  the  Contemporary  Retyiew,  He  then  referred  to 
the  various  refuges  that  had  been  opened  in  London  for  this 
unhappy  class.  Some  years  ago  he  had  inquired  into  the  history 
of  about  twenty  of  these  institutions,  and  found  that  only  one  of 
the  twenty  belonged  to  the  last  century — the  Magdalen  Hospital, 
founded  in  1758.  All  the  others  had  been  instituted  within  the 
last  seventy  years;  most  of  them,  indeed,  within  the  last  thirty- 
five  years.  The  society  to  which  he  directed  particular  attention  is 
called  the  Rescue  Society,  and  acted  upon  the  plan  of  having,  not 
one  large  establishment,  but  a  number  of  small  Homes,  on  the  family 
principle,  each  having  accommodation  for  from  twenty  to  twenty- 
five  inmates.  It  had  been  in  operation  for  about  sixteen  years,  was 
conducted  with  great  economy  in  its  management,  and  had  been 
extremely  successfrd  in  the  way  of  rescuing  and  reclaiming  young 
women.  It  had  at  present  twelve  Homes,  with  accommodation  in 
all  for  about  225  inmates.  Mr.  Walker  referred  to  a  visit  he  had 
paid  to  one  of  these  Homes  a  few  weeks  ago,  furnishing  interesting 
details  illustrative  of  the  spirit  in  which  they  are  managed,  and 
the  success  that  attends  them.  Lastly,  Mr.  Walker  gave  some 
account  of  the  origin  of  the  Home  at  Lochbum,  near  Maryhill,  of 
which  he  is  a  director,  with  interesting  information  as  to  work 
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carried  on  there.  He  shewed  that  as  an  industrial  institution  it 
had  been  a  great  success;  but  expressed  his  opinion  that  in  our 
city  there  was  still  room  for  an  effort  of  the  kind  carried  on  by  the 
Rescue  Society  in  London.  The  proportion  of  unsatisfactory  cases 
in  London — that  is,  of  young  women  who  leave  the  homes  without 
getting  any  good — was  smaller  than  shewn  in  Glasgow,  while  the 
proportion  apparently  permanently  reclaimed  was  larger.  Mr. 
Walker  thought  that,  without  at  all  interfering  with  the  work  at 
Lochbum,  there  was  room  in  Glasgow  for  a  well-deyised  effort 
in  the  way  of  small  Homes. 

In  the  general  remarks  which  followed,  much  interest  was 
expressed  in  the  subject  of  the  paper,  and  in  the  felicitous  manner 
in  which  it  had  been  brought  before  the  Section  by  Mr.  Walker. 

The  President  then  declared  the  session  closed. 
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Having  made  some  introductorj  obseryations  in  regard  to  the 
present  position  of  the  Society,  and  reviewed  briefly  the  papers 
read  during  the  past  session,  the  President  went  on  to  give  an 
account  of  the  chief  incidents  in  the  lives  of  two  deceased  Members 
long  connected  with  the  Society,  and  prominent  in  the  community. 

OBITUARY   NOTICES. 

Dr.  Francis  H.  Thomson. — It  is  now  my  sad  duty  to  refer  to 
the  loss  which  the  Society  sustained  at  the  close  of  last  session 
by  the  death  of  its  Senior  Vice-President.  In  the  full  vigour  of 
mature  life,  amid  circumstances  which  gave  almost  a  tragical 
character  to  the  event,  Dr.  Francis  H.  Thomson  was  suddenly 
removed  from  the  midst  of  us.  He  had  been  during  the  whole 
winter  taking  an  active  part  in  the  business  of  the  Society,  never 
absent  from  its  meetings,  and  working  vigorously  in  its  interests. 
Married  on  the  25th  February  to  an  amiable  and  accomplished 
lady,  to  whom  he  had  been  long  attached,  he  had  arranged  to 
remove  to  a  larger  residence,  to  have  an  assistant  who  should 
relieve  him  of  part  of  his  heavy  professional  work,  that  he  might 
at  length  enjoy  more  leisure  and  the  better  folfll  the  new  duties 
devolving  upon  him;  and  then  went  abroad  for  a  short  holiday. 
But  ''  our  times "  are  not  in  our  own  hands ;  "  propose  **  as  we 
may,  we  cannot  ''dispose."  From  this  tour  he  never  returned. 
He  died  in  London  on  the  21st  of  April. 
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Dr.  Thomson's  ancestors  were  lairds  of  Newton  of  Colessie  in 
Fife.    His  grandfather  was  minister  of  Dailly,  in  Ayrshire,  and  was 
twice  married — first,  to  the  daughter  of  the  Hon.  Sir  Alexander 
Hope  of  Carse,  and  afterwards  to  a  daughter  of  Francis  Hay,  in 
Lochside,  parish   of  Dundonald.     Of  this   second  marriage  there 
came  four  daughters  and  four  sons.     One  of  the  former  married 
Mr.  James  Pillans,  Professor  of  Humanity  in  the  University  of 
Edinburgh ;  two  of  the  latter  became  distinguished  members  of  the 
literary  circles  of  Edinburgh  at  the  beginning  of  this  century,  and 
have  left  their  mark  upon  their  time ;  a  third  was  the  father  of  the 
subject  of  this  notice,  Francis  Hay  Thomson,  bom  at  GiflTard  Bank, 
East  Lothian,  on  the  2d  of  February,  1814.     His  fether,  Adam 
Thomson,  was  an  accountant   in  Edinburgh;   one  of  his  uncles 
above  referred  to,  Thomas  Thomson,  was  an  advocate  in  Edinburgh, 
principal  clerk  to  the  Court  of  Session,  and  keeper  of  the  Records, 
author  of  many  historical  and  antiquarian  works  prepared  for  the 
Bannatyne   Club,  or    by   order   of   the   Royal   Commissioners   of 
Records, — an  intimate  friend  of  almost  all  the  celebrated  men  of 
the  northern  metropolis,  on  whose  fame  her  literary  reputation  now 
mainly  rests.     An  interesting  memoir  of  his   life,  with   copious 
extracts  from  his  correspondence  with   these  eminent  men,  was 
drawn  up  by  Mr.  Cosmo  Innes,  and  printed  for  private  circulation 
in  1854,  two  years  after  his  death.     The  other  unde,  to  whom 
reference   has   been   made   above,  was  the  Rev.  John  Thomson, 
minister  of  the  parish  of  Duddingston,  near  Edinburgh,  who  has 
acquired  a  well-deserved  reputation  as  a  landscape  painter,  and  has 
been   called,  from   his  peculiar  style,  the   Scottish  Clauda     The 
character,  tastes,  teachings,  the  whole  surroundings  of  such  men, 
the  tone  of  the  society  in  which  they  mingled,  had  no  doubt  a 
powerful  influence    upon    a  young    man   of   an    ardent,  earnest 
character,    and    were    the    means   of   establishing    those    mental 
tendencies  which  determined  his  pursuits,  outside  of  his  profession, 
and  formed  the  main  pleasures   of  his   leisure  time  through   his 
whole   life.     A  mechanical   turn   of  mind,   and   nicety  of   hand, 
which   were   natural  to  him,  and  a  pleasure  in  chemical   mani- 
pulation afterwards  acquired,  led  him  to  adopt,  at  an  early  age, 
that  branch  of  the  medical  profession  which  promised  to  afford  him 
most  leisure  for  indulging  those  tastes  to  which  allusion  has  been 
made.     To  this  choice  he  steadfiistly  adhered;  and  he  rose  bj  his 
talent  and  industry  to  the  first  eminence  in  the  profession. 

Dr.  Thomson  was  educated  at  the  High  School  of  Edinburgh, 
and  afterwards  at  the  University,  where,  in  the  classes  of  his 
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relative,  Professor  Pillans,  he  was  a  distinguished  student.  He 
took  at  this  time  only  a  partial  coiirse  of  medicine  at  the  University, 
and  was  soon  after  articled  as  a  pupil  to  Mr.  Hutchins,  the  well- 
known  surgeon-dentist  in  Edinburgh.  On  the  expiry  of  his  term 
he  took  an  assistantship  to  a  practitioner  in  Yorkshire,  but  did  not 
long  remain  there.  He  returned  to  Edinburgh,  and  began  to 
practise  on  his  own  account.  Here  he  remained  for  five  years, 
and  now  took  an  opportunity  of  completing  his  medical  course. 
His  degree  of  M.D.,  however,  was  taken  from  the  university  of 
Jena.  During  his  sojourn  in  Edinburgh,  the  position  of  his  fEimily 
and  near  relatives  gave  him  an  entrance  into  the  literary  circles, 
which  were  at  that  time  an  ornament  to  the  Scottish  metropolis; 
and  he  no  doubt  derived  great  benefit  in  the  way  of  intellectual 
activity  and  polish  from  association  with  such  society. 

In  1 843,  being  then  in  his  twenty-ninth  year,  an  opening  having 
occurred  in  Glasgow,  he  removed  to  this  city,  and  entered  on  that 
successful  career  of  professional  life  which  gave  him  in  later  years  a 
very  large  income.  No  one  could  deserve  better  such  a  reward, 
and  few  could  have  used  it  better.  He  was,  in  his  own  life,  simple 
and  inexpensive ;  towards  others,  open-hearted  and  generous ;  and 
many  a  family,  left  helpless  by  sudden  bereavement,  acknowledged 
him  as  a  generous  benefactor  who  relieved  present  distress,  and  led 
them  on  new  paths  of  self-dependent  efforts,  whereon  to  retrieve 
their  fortunes. — In  the  winter  of  1844  he  joined  our  Society,  and 
continued  from  that  time  to  be  a  zealous  working  member,  ever 
devoted  to  its  wel&re.  His  first  public  services  were  given  in 
1846,  at  the  time  of  the  exhibition  got  up  by  the  Society,  which 
proved  so  great  a  success.  He  took  an  active'  part  in  all  the 
arrangements,  and  the  department  of  the  fine  arts  was  entirely 
under  his  management.  In  succeeding  years  he  filled  various  offices 
in  the  Society,  and  became,  four  years  ago,  the  first  President  of 
the  Society  not  a  professor  in  the  University.  With  what  credit 
to  himself  and  profit  to  us  he  filled  that  office,  is  fresh  in  the 
recollection  of  alL 

I>r.  Thomson  had  an  early  fimdness  for  chemistry,  which  he 
retained  in  his  maturer  yean ;  but  he  made  original  researches  in 
one  department  only — ^that  of  metallurgy.  In  the  history  of  this 
art,  especially  as  regards  copper,  he  was  well  versed,  keeping  pace 
with  the  improvements  of  modem  times.  In  1849  he  instituted  a 
set  of  experiments  to  test  what  he  considered  an  improved  method 
of  reducing  the  ore.  Trap-rock  had  occurred  to  him  as  a  fusible 
silicate^  containing  the  necessary  elements  of  reduction ;  and  with 
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it  he  made  the  experiments  on  such  a  large  scale  as  to  remove  them 
from  the  category  of  more  laboratory  trials.  These  experiments  he 
X5onsidered  quite  successful;  the  material  was  as  cheap  as  could  be 
desired,  and  in  quantity  unlimited.  He  acknowledged  the  objection 
against  its  use  on  account  of  bulk ;  but  he  regarded  this  as  over- 
ruled by  the  saving  of  fuel,  from  the  shortness  of  the  process.  He 
now  proceeded  to  take  out  a  patent  for  the  process,  dated  the  14th 
September  in  that  year.  But  although  the  principle  was  perfectly 
correct,  and  practically  the  metal  was  obtained  quite  pure,  the 
patent  was  not  successful  in  a  commercial  point  of  view.  For  this, 
various  reasons  may  be  assigned.  Copper-smelting  has  become  cen- 
tralized in  a  district  where  there  is  no  whinstone,  and  the  Clyde 
district,  where  it  abounds,  has  never  taken  with  energy  or  success 
either  to  copper  or  steel  works.  Such  failure  is  indeed  very  com- 
mon with  patentees;  the  process  may  be  correct  enough  in  principle, 
but  want  of  experience  in  practical  details  prevents  them  frx>m 
knowing  the  commercial  bearings  of  the  invention ;  and  this  is  really 
the  great  test  of  success. 

In  1857  he  took  out  another  patent  for  improvements  in  the  manu- 
facture of  iron.  The  idea,  in  this  case,  was  to  introduce  carbon  into 
the  blast-fiimace,  so  as  to  counteract  the  effect  of  the  too  rapid  com- 
bustion or  decarbonization  of  the  iron  by  the  oxygen  contained  in 
the  stream  of  air  thrown  into  the  furnace;  and  it  was  carried  into 
effect  by  introducing,  by  a  second  pipe,  a  stream  of  a  carbonaceoiis 
gas.  This  patent,  however,  shared  the  fate  of  the  other,  the  idea 
being  carried  out  in  some  other  manner,  found  equally  efficient  and 
more  economical. 

Subsequently  to  these  attempts.  Dr.  Thomson  was  for  some  time 
engaged  in  experiments  on  nickel,  with  a  view  to  another  patent; 
but  the  idea  was  abandoned. — It  is  pleasant  to  know  that  the  losses 
he  sustained  by  these  repeated  failures  were  not  very  considerable, 
and  his  mind  was  too  well  balanced  to  allow  such  things  to  trouble 
him. 

Dr.  Thomson's  active  intellect,  his  inventive  powers,  and  artistic 
tastes  went  out  in  other  directions,  which  were  to  him  productive 
of  more  pleasure  and  enjoyment.  He  was  endowed  by  nature  with 
capabilities  for  excelling  in  art;  he  had  the  gifts  of  form  and 
colour;  and  one  can  see  how  early  home-teachings  and  the  example 
and  teachings  of  his  uncles  would  improve  and  confirm  such  gifts, 
the  one  in  the  department  of  painting  and  sculpture,  the  other  in 
regard  to  objects  of  art  as  illustrating  history  and  antiquities.  To 
the  cuItiYation  of  these  his  leisure  hours  and  holidays  were  ohiefiy 
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given.  He  was  early  left  a  widower,  with  one  child — a  daughter— 
and  family  duties  made  few  demands  upon  his  time.  His  merit  as  a 
painter  was  very  considerable,  and  he  would  certainly  have  reached 
high  excellence  and  £une  had  he  given  himself  up  to  art.  Some  of 
his  pictures,  painted  from  his  own  sketches  of  natural  scenery, 
possessed  so  much  merit  as  to  be  deemed  worthy  of  a  place  in  the 
Edinburgh  Annual  Exhibition.  As  a  sculptor  also  he  had  great 
merit;  some  busts  executed  by  him  shew  a  power  not  only  of 
expressing  likeness,  but  of  imparting  those  idealizing  poetic  ad- 
juncts which  give  so  great  a  charm  to  works  of  this  class.  In 
regard  to  all  works  of  art  he  was  an  accomplished  critic.  His 
taste  and  judgment  found  ample  exercise  in  the  formation  of  a 
large  and  valuable  collection  of  gems,  cameos,  and  other  objects  of 
vertu  illustrating  the  history  and  progress  of  art,  as  well  as  a  few 
sculptures.  This  collection  adorned  his  home,  and  was  well  known 
beyond  the  limits  of  his  own  country. 

Dr.  Thomson  was  too  much  occupied  by  his  large  professional 
practice  to  find  time  for  writing  many  papers.  He  served  this 
Society  in  another  way,  and  was  ever  ready  to  undertake  more  than 
his  share  of  work  on  behalf  of  the  Society.  ELis  extraordinary 
exertions  in  connection  with  our  removal  to  this  building  will  be 
fresh  in  your  recollection.  It  was  mainly  through  his  persevering 
efforts,  directed  by  his  strong  will  and  energy  of  character,  and  his 
experience  in  the  management  of  affairs,  that  the  delicate  negotiations 
were  brought  to  a  successful  issue,  the  fruits  of  which  we  shall  enjoy 
so  long  as  we  stand  in  our  present  relations  with  the  Corporation  of 
the  city.  The  amount  of  anxious  thought,  and  the  sacrifice  of  time 
entailed  by  these  negotiations,  are  known  to  those  only  who  were 
associated  with  him  in  the  Council  of  the  Society.  With  them  his 
intercourse  was  of  the  most  friendly  confiding  nature.  So  pleasant 
and  genial  was  he,  and  though  of  great  energy  and  force  of  will, 
so  ready  to  yield  his  opinion,  and  &11  in  with  the  general  sentiment 
on  any  matter  in  debate,  that  his  presence  was  ever  welcome ;  and 
his  occasional  absence  was  felt  as  a  drawback  on  our  pleasure  and 
enjoyment  for  that  evening. 

The  first  paper  contributed  by  him  to  the  Society  was  on  a  pro* 
fessional  subject,  and  appeared  in  our  Journal  in  1846,  vol.  iL, 
p.  131.  His  next  was  published  in  1860,  voL  iv.,  p.  325.  It 
was  on  the  subject  of  copper-smelting,  and  contained  references 
to  his  patent.  His  next  paper  was  on  the  application  of  certain 
salts  to  the  rendering  of  light  fabrics  less  inflammable  (Journal^ 
vol.  v.,  p.  92).    His  three  addresses;  as  President,  are  the  only 
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other  papers  he  contributed.  Ills  first  described  the  industries  of 
Glasgow;  his  second  gave  an  account  of  the  jute  works  of  Dundee  ; 
and  his  third  contained  an  able  criticism  on  the  great  scheme  of 
Bateman  and  Bazalgette  for  removing  the  Glasgow  sewage.  These 
will  be  found  in  vols.  Yi«  and  viL  of  our  Journal.  These  papers 
are  fiill  of  interesting  information,  delivered  in  a  style  rapid, 
picturesque,  and  perfectly  perspicuous.  They  will  amply  repay 
perusal.  He  often  spoke  of  some  curious  observations  he  had  m^de, 
while  experimenting  for  his  patent,  on  the  melting  of  stony  masses, 
and  the  forms  and  structures  they  had  assumed  in  cooling,  aocx>rding 
to  the  rate  at  which  the  temperature  was  reduced.  From  what  I 
eould  gather,  they  seemed  to  illustrate  and  confirm  the  celebrated 
experiments  of  Gregory  Watt,  made  at  the  Soho  foundry  in  1804, 
in  regard  to  the  resumption  of  the  solid  form  by  melted  trap.  I  hope 
yet  to  be  able  to  lay  before  the  Society  some  account  of  these  obser- 
vations and  experiments. 

Dr.  Frederick  Penny. — Scarcely  was  the  record  completed,  in 
which  at  this  time  last  year  I  detailed  to  you  the  scientific  labours 
of  a  great  chemist,  once  a  prominent  member  of  this  Society,  when 
another  member,  eminent  in  the  same  walk,  and  long  an  occupant 
of  the  same  chair,  passed  suddenly  away  from  the  midst  of  us. 
You  will  understand  me  to  allude  to  the  death  of  Dr.  Frederick 
Penny,  Professor  of  Chemistry  in  the  Andersonian  University, 
which  occurred  at  his  own  house  in  this  city,  on  the  22d  of 
November  last,  after  a  short  illness. 

Frederick  Penny  was  bom  in  London,  10th  April,  1816.  Ho 
was  the  third  son  of  Charles  Penny,  long  established  as  a  wholesale 
stationer  in  Cheapside,  a  man  of  good  substance  and  highly 
respected.  When  Frederick  was  but  two  years  of  age,  he  received 
such  cruel  treatment  at  the  hands  of  his  nurse  that  the  spine  was 
permanently  injured,  and  the  deformity,  which  so  curtailed  his 
means  of  enjoyment  in  life,  gradiially  arose.  Notwithstanding  this 
defect,  he  had  constant  good  health,  was  an  active  lad  in  all  games 
and  sports,  an  untiring  climber  and  pedestrian.  One  cannot  but 
admire  and  respect  the  strong  and  earnest  spirit  which  bore  up 
uuder,  and  triumphed  over,  the  natural  disadvantages  which  this 
defect  entailed,  and  which  moved  him  to  mAinfAiT^  to  thd  last  the 
vigorous  pursuit  of  work. 

Frederick  Penny  was  educated  partly  at  the  Sherborne  School,  in 
Dorsetshire,  and  later  at  Dr.  Lord's  Academy,  at  Tooting.  He 
often  bore  away  prizes  in  the  class  competitions,  and  showed  great 
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aptness  in  mathematics.  He  early  acquired  a  fondness  for  chemistry^ 
and,  like  most  young  chemists,  experimented  in  a  garret  at  home 
with  improvised  apparatus.  Having  shewn  this  bent  towards  the 
study,  and  his  two  older  brothers  being  destined  to  carry  on  their 
father's  business,  Frederick,  at  the  age  of  seventeen,  was,  in  1833, 
introduced  by  Dr.  Roberts,  the  family  physician,  to  Mr.  Hennell, 
Chemist  to  the  Apothecaries'  Company,  and  the  result  was  that  he 
was  apprenticed  to  him  for  five  years,  at  £100  per  annum,  one 
apprentice  only  being  taken  into  the  establishment.  In  1836  and 
1837  he  attended  the  lecture  courses  of  Brande,  Faraday,  and 
Lindley,  thus  widely  enlarging  the  range  of  his  acquirements  in 
science. 

Soon  after  this  he  entered  on  the  enquiry,  which  gave  rise  to 
his  first  paper,  and  I  am  inclined  to  think  the  most  able  and 
chemically  important  which  he  ever  wrote.  It  was  deemed  of  such 
interest  as  to  find  a  place  in  the  Transactions  of  the  Royal  Society 
of  Londoriy  having  been  previously  read  at  one  of  their  meetings. 
Not  being  a  Fellow  of  the  Society  himself,  and  to  the  last  he  did  not 
join  that  Society,  the  paper  was  communicated  by  Mr.  Hennell,  on 
January  24,  1839.  It  was  printed  in  the  volume  for  that  year.  It 
is  entitled,  "  On  the  Application  of  the  Conversion  of  Chlorates  and 
Nitrates  into  Chlorides,  and  of  Chlorides  into  Nitrates,  to  the 
Determination  of  several  Equivalent  Numbers.''  The  result  of  a 
long  experimental  enquiry  on  the  constitution  of  crude  saltpetre, 
and  on  certain  nitrates  and  chlorates,  was  the  determination  of  the 
atomic  weights  of  chlorine,  nitrogen,  potassium,  sodium,  and  silver, 
the  calculations  being  made  on  the  supposition  that  the  atomic  weight 
of  oxygen  was  eight  times  that  of  hydrogen,  about  which  chemists 
were  agreed.  It  was  proved  that  the  estimates  in  general  use  among 
British  chemists  were  not  representatives  of  chemical  truth;  and  Dr. 
Penny's  researches  went,  so  fiw  as  the  enquiry  extended,  to  disprove 
the  theory  of  Front,  advocated  so  elaborately  byThomas  Thomson,  that 
all  atomic  weights  were  multiples  of  that  of  hydrogen.  This  theory, 
by  its  simplicity  and  beauty,  and  the  array  of  examples  set  forth  in 
support  of  it,  had  commended  itself  to,  and  been  adopted  by,  most 
British  chemists*  Edward  Turner  was  the  first  to  assail  it,  and  to 
publish  experiments  in  disproof  of  it.  The  equivalents  determined 
by  Penny  agree  much  more  closely  with  those  of  Turner  than  with 
Thomson's,  and  thus  go  to  support  Turner's  views.  In  regard  to 
this  first  effort  of  Penny,  I  m^y  say,  without  exaggeration,  that  it 
compares  most  fiivourably,  in  the  conduct  of  the  researches,  in  the 
mode  of  dealing  with  the  complicated  questions,  as  well  as  in  its 
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style  and  manner,  with  the  productions  of  oiu*  most  eminent  chemists^ 
It  established  a  reputation  for  him  at  once,  attracted  to  him  the 
attention  of  Graham,  who  had  now  been  two  years  in  the  chemical 
chair  of  University  College.  He  requested  Mr.  Hennell  to  introduce 
him  to  Mr.  Penny.  Soon  after,  he  invited  him  to  his  house,  and 
advised  him  to  apply  for  the  chair  in  the  Andersonian  Universitj, 
vacated  two  years  before  by  himself,  and  just  vacated  by  Dr.  Gregory, 
then  transferred  to  Aberdeen,  and  who  afterwards  defeated  Penny 
in  the  contest  for  the  chair  of  Hope,  in  Edinburgh.  Penny  took  this 
advice,  got  a  few  testimonials — among  them  one  from  Graham, — 
J&50  from  his  father,  *'  to  go  and  see  the  Scotch  Highlands  at  any 
rate,"  came  to  Glasgow,  saw  the  Directors,  left  copies  of  his  testi- 
monials, and  went  for  his  three  weeks'  tour.  On  his  return  he  found 
he  had  got  the  appointment. 

But  this  did  not  mean  much  more  than  that  he  had  their 
authority  to  lecture  within  the  walls  of  the  Andersonian  Institution. 
The  chair  had  never  been  lucrative, — so  poor  indeed  under  Gregory, 
that  the  Directors  had  to  forego  their  claim  for  rent,  his  pupils  not 
having  exceeded  fifty  or  sixty.  Dr.  Penny's  prospects  were  thus 
rather  gloomy;  but  he  was  young,  full  of  hope,  of  indomitable  energy, 
and  determined  to  give  prominence  and  usefulness  to  the  chair  of 
lire,  Clark,  and  Graham.  He  had  to  begin  by  supplying  apparatus 
and  all  the  requisites  for  a  laboratory,  and  besides  to  meet  the 
supply  of  coal  and  gas,  and  pay  rent  and  taxes,  as  best  he  could. 
But  he  rose  successful  over  all  these  disadvantages.  At  the  end  of 
his  first  year  he  had  eighty-seven  students;  at  the  beginning  of  his 
thirtieth  session,  shortly  before  his  death,  the  number  of  students 
was  eight  hundred;  and  his  practical  class  had  been,  for  many 
years  before,  larger  than  any  in  the  United  Kingdom,  except  the 
College  of  Chemistry  in  London. 

From  the  time  of  his  appointment  in  1839  up  till  the  time  of  his 
marriage  with  Miss  Perry  of  this  city  in  1851,  Dr.  Penny  generally 
spent  his  holidays  with  or  near  his  father.  The  attachment  of  father 
and  son  was  unusually  strong.  Reserved  and  reticent  by  natural 
temperament  towards  his  other  children,  Mr.  Penny  was  unreserved 
and  demonstrative  in  a  high  degree  towards  his  son  Frederick. 
For  years  they  exchanged  letters  every  day,  and  their  mutual  affec- 
tionate attachment  partook  more  of  that  of  two  brothers  or  devoted 
friends,  than  of  persons  standing  in  the  relationship  they  occupied. 
During  one  of  these  visits,  in  1843,  Dr.  Penny  had  been  to  see  his 
old  friend  and  master  Mr.  HennelL  He  was  then  experimenting 
on  an  explosive  mixture;  and  Dr.  Penny  made  an  appointment  with 
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him  to  be  at  the  laboratory  at  ten  o'clock  on  the  following  morning  to 
witness  the  result  of  the  experiment.  On  that  morning,  in  slicing 
a  loaf  of  bread  at  breakfast,  by  one  of  those  singular  accidents 
which  often  shew  to  in4iyiduals  a  "gracious  purpose''  towards 
them,  which  too  seldom  influences  the  whole  after-life  as  it  ought  to 
do,  he  gave  a  bad  cut  to  one  of  his  Angers.  This  caused  such  a 
delay  that,  when  he  was  ready  to  go  out,  the  hour  of  appointment 
with  Mr.  Hennell  was  considerably  past;  and  he  remarked  to  one  of 
his  sisters,  that  there  was  no  use  in  going  now,  as  the  experiment 
would  be  over.  The  experiment  was  indeed  over.  In  making  it  by 
himself,  without  assistant  or  witness,  Mr.  Hennell  was  killed  on 
the  spot,  his  body  being  literally  blown  to  pieces,  and  the  whole 
laboratory  greatly  injured. 

Soon  after  this  Dr.  Penny  was  ofiered  the  situation  which  had 
been  fllled  by  Mr.  Hennell;  but  the  income  not  being  yery  tempt- 
ing, and  feeling  he  had  now  secured  a  good  position  in  Glasgow, 
he  declined  the  proffered  office.     Dr.  Penny  indeed  had  all  those 
qualities  which  deserve  and  usually  ensure  success.     He  had  a  high 
estimate  of  his  science,  an  ardent  love  for  the  study,  and  he  was 
enthusiastic  in  its  pursuit.    Enthusiasm  is  infectious,  and  the  surest 
way  to  interest  and  excite  others  is  to  be  enthusiastic  and  inter- 
ested oneself.     But  perhaps  the  most  distinguishing  feature  of  his 
teaching  was  his  clearness  and  method.     He  had  got  hold  of  the 
important  principle  that  to  establish  ideas  firmly  in  the  mind,  they 
ought  to  be  presented  singly^-one  understood  and  i*ooted  before 
another  is  presented — and  that  discursive  lecturing  on  sciencey 
however  pleasant  to  listen  to,  as  coming  from  a  fiill  and  earnest 
mind,  is  npt  profitable  to  the  student.     Of  everything  that  he 
undertook  to  do,  or  to  speak  of,  he  formed  the  most  clear  and 
accurate  conceptions;  and  he  was  able  to  set  these  before  the  mind 
of  another  with  the  most  admirable  clearness  and  precision.     This 
mental  habit,  united  to  his  great  natural  sagacity  and  mathematical 
attainments,  made  him  an  admirable  analyst,  and  a  legal  witness 
whom  it  was  impossible  to  dislodge  from  a  position  taken  up,  or  to 
bring  to  contradict  himself  by  any  amount  of  cross-examination. 
So  early  was  his  reputation  in  these  walks  of  chemistry  established, 
that  for  the  last  twenty-five  years  he  had  been  retained  by  the 
Crown  prosecutor  in  Scotland  in  all  criminal  cases  where  chemical 
knowledge  was  requisite,  or  chemical  questions  were  involved* 
But  his  profound  chemical  knowledge  and  his  great  and  pene- 
trating sagacity  were  often  in  request  in    other  than  criminal 
cases.      Some  of  these,  in  which   the   issues  involved  about  a 
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million  sterling,  hinged  almost  wholly  on  his  evidence.  But  I 
can  onlj  thus  allude,  in  passing,  to  topics  of  this  kind,  nor  is  it 
necessary,  as  the  transactions  are  fresh  in  your  minds.  To  one 
other  passage  only  of  his  life  will  I  allude,  and  then  briefly  mention 
his  remaining  papers. 

His  reputation  as  a  chemist,  and  the  motives  under  which  he 
acted,  were  at  one  time  assailed  in  connection  with  the  water  supply 
of  the  city.  Both  charges,  I  believe,  were  wholly  without  founda- 
tion. There  was  much  excitement  at  the  time  in  the  public  mind, 
and  personal  feelings  ran  high  ;  but  when  time  had  allayed  these, 
and  a  calmer  judgment  was  exercised,  his  opinion  was  found  not 
to  be  that  of  a  partizan ;  and  though  some  hard  speeches  were 
uttered,  no  one  could,  in  the  long  run,  seriously  believe  that  a 
man  of  his  antecedents,  position,  and  ample  means,  woiild,  for  any 
consideration,  endanger  his  scientific  reputation,  or  be  swayed  by 
such  motives  as  in  the  heat  of  angry  feeling  were  ascribed  to 
him. 

Dr.  Penny  had  his  degree  of  Doctor  in  Philosophy  from  the 
University  of  Giessen.  He  joined  the  Royal  Society  of  Edinburgh 
in  1856.  He  was  a  member  also  of  the  Chemical  Society  of  Lon- 
don. The  last  work  on  which  he  was  engaged,  was  the  charge  of 
the  arrangements  for  preserving  the  purity  of  the  river  Esk,  which 
passes  through  Dalkeith,  and  had  been  polluted  by  refuse  from 
paper  works.  Having  been  employed  in  a  lawsuit  regarding  it 
when  a  compromise  was  effected,  and  time  allowed  to  the  paper 
makers,  he  was  assumed  as  their  adviser  in  regard  to  the  disposal 
of  offensive  matter,  and  the  preservation  of  the  purity  of  the 
stream.  His  chief  assistant  resided  there,  and  was  in  constant 
employment  on  this  guardianship  of  the  river.  Since  Dr.  Penny's 
death  he  has  been  given  the  entire  direction  and  control  of  all  the 
operations  for  the  preservation  of  the  purity  of  the  water,  and  the 
safe  disposal  of  any  polluting  matters. 

At  the  close  of  his  paper  to  the  Royal  Society,  of  which  I  have 
already  spoken.  Dr.  Penny  alludes  to  other  kindred  researches  on 
which  he  had  entered,  and  of  which  he  hoped,  at  a  future  time,  to 
give  an  account  to  the  Society.  This  hope,  however,  was  not  realised, 
for  want  of  leisure.  His  professional  engagements  here,  his  charge 
of  a  great  laboratory,  the  demand  upon  his  time  for  commercial 
analyses,  for  reports  on  matters  in  dispute  at  law,  and  in  connection 
with  several  public  questions,  withdrew  him  from  the  line  of  sus- 
tained original  research,  in  which  there  was  every  hope  that  he 
would  have  shone.     His  remaining  papers  arQ  thus  not  in  any  kind 
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of  series  or  dependence,  yet  are  they  indicative  of  great  activity,  and 
profound  knowledge  of  the  whole  range  of  the  science. 

The  year  after  his  appointment,  the  British  Association  met  for  the 
first  time  in  Glasgow ;  and  to  the  Chemical  Section  he  then  con- 
tributed two  papers,  the  second  and  third  of  which  he  was  author; 
one  "  On  the  Action  of  Nitric  Acid  on  certain  Soda  Salts,"  and  the 
other  ''On  a  New  Salt  obtained  from  Iodine  and  Caustic  Soda/' 
From  the  researches  in  the  former  of  these  he  hoped  to  have  ob« 
tained  the  more  accurate  atomic  weights  of  some  of  the  elements, 
in  the  same  manner  aa  in  his  paper  of  the  year  before ;  but  he 
found  the  action  not  delicate,  enough  for  the  purpose.  The  results, 
however,  which  he  obtained  were  new,  and  interesting  enough  to 
be  worth  the  attention  of  the  Section.  He  shewed  that  the  action 
of  nitric  acid  on  the  chlorates,  iodates,  and  bromates  of  soda  and 
potassa,  afforded  a  ready  mode  of  distinguishing  these  salts.  The 
other  paper  brought  out  a  curious  property  in  connection  with 
the  crystallization  of  the  salt  obtained  from  iodine  and  caustic 
soda  {Report  o/Glas.  Meet,  Brit  Assoc,,  1840,  pp.  79,  80). 

4.  In  a  paper  which  appeared  in  vol«  L  of  the  Journal  of  our 
Society,  published  1843,  p.  104,  Br.  Penny  describes  the  structure 
and  composition  of  a  specimen  of  Asbestos,  found  in  a  blast-frimace 
at  Monkland  Ironworks. 

5.  His  next  paper  is  ''  On  a  New  Method  for  the  Determination 
of  Iron  in  Clay-band  and  Black-band  Ironstone."  He  recommends 
in  this  paper  the  employment  of  the  chromate  and  bichromate  of 
potash  for  determination  of  the  iron  in  the  common  ores;  the 
same  process  would  answer  for  the  analysis  of  other  ores,  and  for 
examining  alum  and  copperas  liquor  {Report  qf  Edin,  Meet,  BriL 
Assoc,,  1850,  p.  58). 

6.  The  only  other  paper  of  Dr.  Penny's  laid  before  our  Society 
was  drawn  up  in  conjunction  with  Mr.  William  Wallace,  and  read| 
January  7,  1852,  but  published  in  the  Philosophical  Magazins^ 
Nov.,  1852,  "  On  the  Chloride  of  Arsenic,  partly  in  reference  to  the 
equivalent  number  for  arsenic,  and  partly  on  its  use  in  separating 
arsenic  from  animal  and  vegetable  matters,  and  its  use  in  medico- 
legal enquiries." 

7.  "  On  the  Valuation  of  Indigo,"  read  to  the  Chemical  Society  of 
London,  Nov.,  1852,  in  which  the  several  methods  employed  for  esti- 
mating the  comparative  value  of  commercial  indigo  are  examined^ 
and  the  bichromate  of  potash  is  recommended  as  a  trustworthy 
agent  of  valuation  {Jour,  qf  Chem,  Soc,,  1852). 

8.  ''  On  the  Valuation  and  Composition  of  Protochloride  of  Tin/' 
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of  wiiich  a  liirge  quantity  is  yearly  made  in  Glasgow  (Jowr.  CkenL. 
8oc.,  voL  iv.,  1852,  p.  239). 

9.  ''  On  the  Ebtimation  of  Iodine,"  another  paper  haring  reference 
to  a  large  induKtry  in  Glasgow,  and  in  which  bichromate  of  potash 
is  recommended  again  as  the  agent  (Eq).  B^axt  M^eL^  BriL  Ag&oCy 
1852,  p.  37). 

10.  Another  paper  or  '^  note  "  on  the  Protoc^oride  of  Tin  (/otcr. 
Cli^em.  >Soc.,  voL  "viL,  p.  50,  1854). 

11.  ^'On  a  simple  Tolunxetric  Process  for  the  TaJnation  of 
Cochineal "  {E^.  GUu.  Mttel.,  BriL  Auoc.,  1855,  p.  68).  The  prooeas 
is  based  on  a  property  of  the  red  prossiate  of  potash  in  preaenoe 
of  a  free  alkalL 

12.  ^' On  the  Manufacture  of  Iodine  and  other  Producta  iraoL 
Kelp"  (Bep.  GUu,  Meet,  BriL  Amoc,  1855,  p.  69). 

13.  **  On  the  Composition  and  Phosphorescence  of  Plate-snlphate 
of  Potash"  {Bep,  Gla$.  MeeL,  Brit.  AsmK.y  1855,  p.  69).  This  salt 
is  made  almost  wholly  in  Glasgow,  and  its  history  has  great 
scientific  interest. 

These  are  all  the  scientific  papers  I  know  of  as  having  appeared 
in  the  Journals,  and  it  will  be  observed  of  all  of  them,  except  the 
abort  notice  of  Asbestos,  that  they  relate  to  the  composition  of  com- 
mercial products  which  came  before  Dr.  Penny  professionally  for 
examination.  They  contain  many  excellent  analyses  and  nsefitl 
hints  to  chemists  for  the  accurate  examination  of  such  products. 
But  his  reputation  as  a  man  of  science,  who  really  advanced 
chemical  theory,  must  rest  mainly  on  his  first  pi^>er;  his  local 
celebrity,  on  his  admirable  sagacity  and  skilful  methods  in  the 
detection  of  {bisons. 

He  was  besides  the  author  of  several  reports :  one  addressed  to 
the  Gorbals  Gravitation  Water  Company,  entitled,  "  Chemical  lie- 
)K)rt  on  the  Water  of  Loch  Katrine,"  Glasgow,  Macnabj  printer ,  1854, 
pp.  69 ;  another,  addressed  to  the  Loch  Katrine  Water  Comnds- 
sioners,  entitled,  ''  Ee{>ort  on  the  Experimental  Operations  at  Loch 
Katrine,"  London,  JoJm  Ha^de,  printer,  31  Bush  Lans,  Cavmon 
Street,  1855.  At  the  close  of  this  report  he  sums  up  the  condu- 
sions  drawn  from  the  enquiries  detailed  in  both  reports  in  an. 
emphatic  condemnation  of  the  introduction  of  Loch  Katrine  water 
through  load  pipes;  and  urges  the  employment  of  a  simple  remedy 
to  prevent  such  action  on  pipes  and  cisterns.  This  is  the  intro- 
duotion  of  a  hard  and  less  pure  water  to  mix  with  the  soft  Loch 
Katrine  water,  by  streams  and  springs  in  the  course  of  the  great 
oonduitj  so  as  to  introduce  earthy  salts  into  it^  and  thus  to  modify 
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the  dangerous  properties  of  the  water.  The  fjBWjt  is,  that  from  1  to 
1^  grains  per  gallon  of  earthy  salts  are  found  in  the  water  when  it 
reaches  Glasgow,  more  than  is  found  in  it  when  taken  from  the 
Loch;  and  this  difference  is  quite  sufficient  to  prevent  its  action 
on  lead. 

Dr.  Penny  was  also  the  author,  in  conjunction  with  Dr.  James 
Adams,  of  two  pamphlets :  one  "  On  the  Detection  of  Aconite  by 
its  Physiological  Action,"  in  connection  with  a  celebrated  poisoning 
case,  Glasgow,  W.  M^KenzU,  1865;  and  another  "On  the  Com- 
position and  Dietetic  Properties  of  Hungarian  Wines,"  extracted 
from  a  work  by  various  writers,  "  On  Pure  or  Natural  Wines," 
but  without  date  or  printer's  name.  There  are  besides  several 
printed  reports  of  his  evidence  in  certain  lawsuits  for  the  use  of 
judges  and  juries,  which  display  an  extraordinary  sagacity  and  grasp 
of  mind,  and  a  profound  knowledge  of  chemistry  in  all  its  varied 
applications. 

PROGRESS  OF  SCIENCE. 

The  mental  activity  of  the  present  time  is  in  many  ways  remark- 
able. Eesearch  and  discovery  are  not,  as  formerly,  confined  to  a 
few  in  the  learned  or  professional  classes.  Many  men  of  slight 
preparatory  training  have  started  into  sudden  activity,  and  con- 
tributed  not  a  little  to  the  advancement  of  science.  Much  is  no 
doubt  put  forward  that  is  ill-digested;  speculative  hypotheses 
are  built  up  on  a  few  facts  or  narrow  inductions,  and  pass  with  the 
unrefiecting  for  true  theories.  Though  intended  by  their  authors 
as  mere  hypotheses,  centres  around  which  &ct8  may  be  made  to 
cluster  having  all  one  probable  suggested  bearing;  yet  are  the 
results,  which  could  only  be  reached  by  a  long  patient  generaliza- 
tion,  hastily  anticipated,  and  a  crude  hypothesis  accepted  as  scien- 
tifio^truth.  The  recent  progress  of  scientific  enquiry  illustrates 
this  in  many  departments.  The  abuse  is,  however,  one  of  a 
subjective  kind,  and  forms  no  argument  against  the  culture  of 
science.  Let  such  hypotheses  be  set  forth  by  all  means,  if  only 
with  becoming  modesty  and  duly  guarded :  frurther  research,  more 
carefril  enquiry,  will  sift  out  the  good ;  the  bad  will  be  cast  away. 
At  all  hazards,  on  all  subjects,  let  enquiry  be  encouraged  and  pro- 
moted. To  discourage  it  as  dangerous  is  to  be  mistrustful,  afraid  of 
truth,  and  is  worse  than  useless:  for,  counsel  as  you  may,  men 
will  enquire,  search,  and  speculate;  and  if  they  fidl  in  their  logic 
and  in  their  philosophyi  led  away  by  '^  science  falsely  so  called/' 
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entangled  in  the  mazes  of  ''a  Tain  and  deceitfdl  philosophy," 
time  will  somehow  unfold  the  error,  and  the  grain  of  truth 
will  remain.  Truth  anywhere  found,  in  nature,  in  science,  in 
revelation,  will  be  self-consistent,  uncontradictory,  and  must  be 
good  and  useful.  Encourage,  then,  its  discovery;  but  warn  the 
enquirer  that  it  lies  deep  down  and  is  not  easily  reached — ^that  he 
will  not  attain  to  it  by  a  superficial  search  over  many  fields,  and 
had  best  limit  his  enquiry  to  a  narrow  area.  Counsel  him  to 
imitate  the  simplicity  and  modest  caution  of  such  men  as  Dalton, 
Faraday,  and  Graham,  to  remember  his  own  feeble  smaUnesa  in 
presence  of  the  vast  works,  movements,  and  mysteries  of  nature — 
his  own  days  of  life  as  an  handbreadth  beside  her  immense  cycles ; 
and  to  eschew  that  vain  self-assertion  which  sets  up  the  finite  and 
short-lived  as  capable  of  grasping  and  of  judging  the  Infinite  and 
EtemaL 

Astronomy. — ^When  Sir  John  Herschel,  bringing  safely  home  his 
father's  great  telescope,  published  the  rich  harvest  of  discovery,  made 
under  the  brilliant  skies  of  South  Africa;  and  Lord  Rosse,  having 
constructed,  mainly  with  his  own  hand,  his  gigantic  reflector,  had, 
even  through  the  misty  atmosphere  of  Ireland,  penetrated  into  the 
abysses   of  space,  to  distances  before  unheard   of,  resolving   into 
distinct  and  widely  separated  star-groups  the  hazy  nebulse,  supposed 
before  to  be  but  star-dust,  the  science  of  astronomy  was  thought  to 
have  done  its   utmost.     For  long  years  to  come  nothing  was  to 
be  expected  from  instrumental  means,  unless  Lord  Rosse  should 
follow  the  example  of  Sir  John  Herschel,  and  transport  his  large 
metallic  mirror  to  some  bright  southern  clime.     But  the  risk  of 
damage  forbade  the  attempt;  to  construct  another  such  in  a  more 
favoured  clime  was  not  to  be  thought  of.    Thus  matters  stood  when 
hints  thrown  out  long  before,  and  observations  made  by  Wollaston, 
Frauenhofer,  Fox  Talbot,  Brewster,  and  others,  began  to  be  can- 
vassed again,  and  ultimately  took  shape.     Chemistry,  which  had 
never  been  in  her  service  before,  became,  with  Optics  which  had 
always  served,  joint  handmaid  to  Astronomy,  and  gave  us  a  grand 
and  fertile  mode  of  research,  whereby  we  have  attained  to  a  know- 
ledge of  the  constitution  of  the  universe  far  beyond  what  the  most 
active  imagination  had  ever  conceived.     The  union  I  refer  to  was 
effected  by  the  spectroscope;  and  the  discovery  was,  like  that  of 
the  telescope,  very  much  a  matter  of  accident. 

When  a  beam  of  light,  admitted  into  a  dark  room  by  a  small 
hole  or  alit^  ig  made  to  pass  through  a  prism  of  glass,  and  a  sheet  of 
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paper  or  other  screen  is  placed  behind  the  prism,  a  long  bright 
streak,  shewing  the  seven  colours  of  the  rainbow,  is  thrown  upon 
the  screen.  This  rainbow-tinted  streak  is  a  lengthened  image  or 
spectrum  of  the  sun,  and  is  technically  called  the  solar  spectrum. 
One  end  is  all  red,  the  other  all  violet,  the  five  remaining  colours 
lying  between. 

Now,  Wollaston  long  ago  noticed  that  a  great  many  dark  lines 
crossed  this  spectrum  at  right  angles.  The  spectrum  was  not 
continuous,  but  broken  in  many  places ;  at  these  there  was  no  light 
of  any  of  the  seven  colours.  Frauenhofer  observed  these  lines 
carefully  afterwards,  marked  them  all  off  in  their  true  positions, 
and  named  them  by  letters ;  hence  they  are  called  Frauenhofer's 
lines.  Kow,  as  the  pitch  of  musical  notes  depends  on  the  number 
of  vibrations  in  the  sounding-string,  generating  corresponding 
air-waves,  so  waves  of  ether,  or  light-waves  of  different  lengths, 
sent  off  from  a  luminous  body,  give  the  sense  or  impression 
of  colour  upon  the  retina.  We  interpret,  then,  the  dark  lines  to 
mean  that  light- waves  of  all  the  gradations  of  colour  by  which  red 
passes  into  orange,  orange  into  yellow,  and  so  on,  do  not  come  to 
us  from  the  sun;  but  must  be  arrested  or  destroyed  as  waves  some- 
how, the  places  of  these  shades  being  marked  by  the  dark  lines. 
All  this  was  known;  yet  no  one  understood  how  such  arrest- 
ment took  place.  But  philosophers  did  not  fail  to  experiment. 
They  examined  the  spectrum  of  the  electric  light,  of  white-hot 
metals,  of  glowing  vapours  and  liquids,  and  found  certain  lines  in 
many  of  them.  A  chance  observation  at  last  explained  all  the 
facts,  and  bound  in  one  comprehensive  law  many  disconnected 
phenomena. 

In  1859  Kirchhoff  was  observing  the  solar  spectrum,  and  noticed 
that  when  the  sun-light  passed  through  a  flame  of  sodium  a  certain 
dark  line  was  intensified.  The  dark  line  itself  must  therefore  be 
due  to  the  sun-light  passing  through  sodium  vapour.  This  vapour 
must  therefore  exist  in  the  solar  atmosphere.  By  experiment  and 
reasoning,  ELirchhoff  now  established  the  principle  which  is  the  key 
to  the  interpretation  of  all  the  phenomena — namely,  that  what- 
ever rays  a  luminous  body  emits,  it  will  absorb  rays  of  the  same 
kind  entering  into  it.  The  reason  is  obvious :  ether  waves  of  the 
same  heat  or  period  fisdl  into  one  another,  and  are  lost  as  separate 
waves, — one  absorbs  the  other;  while  those  of  different  velo- 
cities or  periods,  maintain  a  separate  existence.  A  beam  of  any 
kind  of  white  light — ^the  electric,  for  example — consists  of  a  ray  of 
yellow,  and  six  of  other  colours.    Pass  such  a  beam  through  the 
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jellow  flame  of  sodinni  vapour,  and  the  yellow  conjatituent  is 
arrested,  the  other  six  pass  through,  and  are  seen  upon  the  screen, 
where  the  place  of  the  yellow  is  shewn  by  a  dark  bond.  If 
a  flame  be  employed,  containing  the  vapour  of  several  metals, 
each  metallic  vapour  will  elfect  the  arrestment  of  some  ray,  on 
its  own  account,  and  there  will  be  a  dark  band  on  the  screen 
corresponding  to  each.  If  now  we  conceive,  instead  of  a  beam,  a 
huge  globe  of  electric  light  enveloped  in  an  atmosphere  of  flame 
of  several  constituent  parts,  then  will  this  enveloping  flame  stop 
all  such  light- waves  as  itself  emits;  and  the  spectrum  received  on 
our  screen  will  want  all  such  rays,  will  have  dark  lines,  in  feuctf 
according  to  the  nature  of  the  substances  contained  in  the  flAming 
envelope.  It  ought  to  be  remarked,  however,  that  these  lines  are 
bands  of  partial  darkness  only ;  they  are  dark  by  contrast  of  the 
feeble  light  of  the  solar  envelope  with  the  brilliant  light  of  the 
nucleus. 

On  these  grounds  the  sun  must  be  regarded  as  a  body  in  a  state 
of  the  most  intense  heat,  and  surrounded  by  a  gaseous  covering  of 
the  utmost  brilliance.  In  this  ''photosphere"  many  vapours  are 
present  in  a  state  of  intense  incandescence.  These  absorb  such 
rays  of  the  nucleus  as  they  themseves  emit;  and  thus  Frauenhofer^s 
lines  are  formed.  It  has  been  determined,  by  examining  the 
spectra  of  various  terrestrial  substances,  and  comparing  them  with 
the  solar  spectrum,  what  substances  are  present  in  the  photosphere. 
Already  there  have  been  certainly  ascertained  to  be  iron,  sodium, 
magnesium,  calcium,  chromium,  and  barium,  besides  hydrogen  in 
preponderating  quantity.  These  are  all  in  the  state  of  vapour,  in 
fact,  volatilized  metals;  and  you  will  remember  that  hydrogen,  the 
lightest  of  bodies,  is  but  the  vapour  of  the  metal  hydrc^^enium,  the 
discovery  of  which,  and  history  of  whose  properties,  formed  the  last 
great  eflbrt  of  the  genius  of  the  late  Master  of  the  Mint. 

It  must,  however,  be  recollected  that  many  metals  volatilize  at  a 
temperature  not  very  elevated,  and  remain  permanently  in  this 
state.  The  Torricellian  vacuum  at  the  upper  part  of  a  barometer 
tube  gets  gradually  filled  with  the  vapour  of  the  quicksilver,  the 
elastic  force  of  which  tends  to  depress  the  mercury,  and  necessitates 
the  application  of  a  small  correction.  Zinc  is  driven  off  from  brass 
long  before  the  copper  is  volatilized.  In  copper  furnaces,  and  gold 
and  silver  refineries,  vapours  of  these  metals  lodge  in  beams  at  a 
considerable  height,  and  form  crystals  in  the  interstices.  How 
readily,  then,  may  not  the  intense  heat  on  the  sun's  surfiu^  mMntRiTi 
in  a  constantly  vaporous  condition  even  a  metal  so  obdurate  as  iron  f 
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The  diflcoveries  made  by  these  means  in  solar  physics  liave  been 
rapid  and  wondrous,  and  new  and  curious  points  are  turning  up 
continually. 

[Since  these  paragraphs  were  written,  it  has  been  discovered  that 
the  metallic  vapours  are  confined  to  the  lower  portion  of  the 
atmosphere,  not  extending,  most  probably,  to  a  greater  height  than 
1,000  or  1,500  miles  from  the  sun's  surface.] 

Over  the  photosphere  there  is  a  second  envelope  of  a  coloured 
substance,  considered  to  be  probably  5,000  miles  thick,  and  named 
chromosphere.  Above  this,  to  the  total  height  of  probably  850,000 
miles,  is  matter  more  attenuated,  an  atmosphere  of  some  thin 
material,  most  probably  hydrogen;  the  existence  of  which  is  now 
made  out  clearly,  and  which  was  long  ago  conjectured  to  exist  by 
our  distinguished  member.  Professor  Grant,  when  he  wrote  his 
Ilistory  of  Physical  Astronomy y  more  than  twenty  years  ago. 

The  "rose-coloured  prominences,"  so  often  seen  round  the  edge  of 
the  moon's  disc  in  total  eclipses,  were  detected  in  ordinary  sunlight 
without  an  eclipse,  about  the  beginning  of  last  year,  simultaneously 
by  Lockyer  in  England,  and  Janssen  in  India;  and  the  discoTeries 
made  known  together  to  the  Academy  of  Sciences  at  Paris.  The 
spectroscope  shews  them  to  be  masses  of  glowing  hydrogen,  shooting 
up  from  the  chromosphere  like  tongues  of  flame,  to  heights  some- 
times of  70,000  and  80,000  miles,  and  terminating  in  broken 
outlines  of  fantastic  forms.  The  rate  of  upward  motion  Mr. 
Lockyer  calculates  at  forty  miles  per  second ;  and  assuming  this, 
Zollner  endeavours  to  shew  that  masses  of  hydrogen  are  imprisoned 
at  160  miles  of  depth  below  the  sun's  surface,  and  that  they  are 
liberated  by  an  excess  of  pressure  due  to  a  difference  of  temperature 
between  the  enclosed  gas  and  that  free  in  the  sun's  covering;  and  he 
essays  to  calculate  this  difference  as  amounting  to  74,910®  C,  and 
the  pressure  required  by  the  height  to  be  that  of  4,070,000  atmos- 
pheres. The  absolute  temperature  of  the  sun's  surface  he  calculates 
at  27,700®  C. 

The  researches  of  Wulner  in  Germany,  and  those  of  Lockyer  and 
Frankland  in  England,  have  very  recently  shewn  that  a  glowing 
gas,  which  in  its  ordinary  state  gives  a  spectrum  of  white  lines  (each 
vapour  having  its  own  set  of  bright  lines),  when  subjected  to  great 
Pressure,  gives  a  continuous  or  unbroken  spectrum,  like  that. of  an 
incandescent  solid  or  liquid ;  and  that  hence  the  existence  of  a  solid 
or  liquid  glowing  nucleus  is  not  necessary  to  produce  such  spectra; 
the  light  of  glowing  hydrogen  under  pressure  is  intense  enough  to 
produce,  in  an  atmosphere  of  sodium  vapour,  a  Frauenhofer  line. 
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The  whole  subject  is  now  so  rapidly  enlarging,  tliat  further  dis- 
coveries must  be  awaited  before  we  can  safely  form  a  theory  of  the 
actual  constitution  of  the  sun. 

The  solar  spots  have  been  during  the  whole  year  developed  in 
great  numbers,  and  of  large  individual  magnitude;  and  several  times 
during  the  session  I  offered  some  remarks  to  you  regarding  them.  A 
few  evenings  ago,  I  counted  seven  or  eight  large  groups — one  spot 
visible  to  the  naked  eye,  was  several  thousand  miles  in  diameter. 
Of  the  spots  we  now  know  very  little  more  than  was  made  known  in 
1776,  by  the  researches  of  Dr.  Wilson  of  Glasgow.  It  is  probable, 
however,  that  they  are  somehow  connected  with  the  occurrence  of 
storms,  like  the  cyclones  of  our  tropical  regions.  These  would  pro- 
duce horizontal  movements  as  well  as  vertical,  in  the  gaseous- 
envelopes  of  the  sun,  the  horizontal  transference  being  at  the  rate 
of  120  miles  per  second,  the  other  at  forty  miles.  The  depth  of  the 
umbra  or  dark  central  nucleus  of  the  spot  has  been,  apparently  with 
some  approach  to  accuracy,  determined  to  be  from  2,000  to 4,000  miles 
below  the  sun's  surface.  The  first  bursting  out  of  these  spots  is 
attended  with  a  simultaneous  thrill  sent  through  all  the  magnetic 
instruments  in  every  observatory  in  the  world,  and  doubtless 
influencing  the  remotest  planet. 

The  Corona  or  Glory  seen  round  the  moon  at  the  time  of  a  total 
eclipse  is  now  considered  as  most  probably  due  to  the  rendering 
visible  of  meteoric  matter  in  the  sun's  neighbourhood — something, 
in  fact,  like  a  solar  aurora — but  astronomers  are  by  no  means 
agreed ;  and  each  succeeding  total  eclipse  is  now  watched  with  an 
interest  wonderfully  increased. 

[Since  the  above  paragraphs  were  put  to  press,  accounts  of  the 
eclipse  of  December  22,  1870,  have  reached  us,  and  these  shew 
that  the  hazy  mass  or  halo,  called  the  corona,  consists  of  two 
bands  of  a  radiated  structure,  divided  by  an  irregular  boundary  all 
round,  the  radiations  being  thus  discontinuous,  but  both  sets 
proceeding  outwards  in  the  directions  of  radii  of  the  moon  produced. 
The  irrefftUariHes,  or  breaks,  in  the  approximately  circular  boundary 
between  the  two  sets  of  radiations,  are  coincident  unth  the  bases  of  the 
rose-coloured  prominences — a  new  fact,  and  one  of  great  significance 
in  regard  to  the  connection  of  these  with  the  corona,  and  to  the 
action  of  the  sun's  attraction  on  the  matter  of  the  prominences, 
bringing  them  down  again  in  a  sort  of  parabolic  curve.  A  fitct  of 
not  less  significance  is  the  discovery  in  the  coronal  light  of  the  green 
spectral  line  of  Angstrom,  before  found  in  the  aurora  borealis  to 
which  reference  is  made  further  on.     These  two  interesting  &ets 
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regarding  tlie  late  eclipse  have  been  made  known  to  me  while  this 
is  passing  through  the  press,  by  the  kindness  of  Professor  A.  S. 
Herschel,  and  Professor  Thorpe,  the  latter  of  whom  formed  one  of 
the  Sicilian  expedition  for  observation  of  this  eclipse.] 

By  applying  the  new  methods  and  improved  instruments,  the  most 
wondrous  intelligence  has  come  to  us  from  the  fixed  stars.  The 
elements  I  have  named  as  existing  in  the  sun,  with  antimony, 
mercury,  tellurium,  and  bismuth,  have  been  found  in  Aldebaran, 
Sirius,  Betelgeux,  and  most  of  those  which  are  bright  enough  to 
give  a  spectrum  at  all.  The  colours,  of  the  stars  are  mainly  due  to 
the  effect  their  atmospheres  produce  on  the  passing  light.  In  the 
same  way  a  planet's  light  will  shew  whether  it  is  enveloped  by  an 
atmosphere.  Their  light  is  solar  light,  and  if  the  lines  in  the  spec- 
trum remain  unaltered,  there  will  be  no  atmosphere  on  that  planet. 
It  thus  appears  that  the  moon  is  absolutely  without  atmosphere— as 
we  knew  otherwise — and  that  Jupiter  and  Saturn  have  such 
envelopes,  that  of  Jupiter  of  great  density,  and  containing  some  of 
the  vapours  and  gases  found  in  the  earth's  atmosphere.  In  examin- 
ing the  stars,  the  light  is  collected  by  a  powerful  telescope,  and  on 
the  irUense  spot  thus  formed  the  spectroscope  is  brought  to  bear ;  the 
lines  which  this  spot  shews  indicate  the  substances  which  are  burning 
in  the  star.  You  will  no  doubt  remember  that  a  star  on  fire  was  thus 
detected  three  or  four  years  ago  by  Mr.  Huggins ;  t  of  the  Northern 
Crown  blazed  up  to  a  great  size,  and  shewed  brilliant  hydrogen  lines. 
In  twelve  days  the  size  went  down  from  the  second  to  the  eighth, 
a  telescopic,  magnitude ;  it  burnt  down,  in  fact, — probably  from  th© 
exhaustion  of  a  hydrogen  envelope. 

Another  marvellous  result,  quite  unlooked  for,  has  recently  come 
out.  Mr.  Huggins  and  Dr.  W.  A,  Miller,  who  observed  it  first, 
explained  it  in  this  way : — If  a  tuning-fork  is  strongly  hit,  and  then 
rapidly  withdrawn,  the  pitch  of  the  note  will  vary  every  moment  to 
an  ear  at  rest — ^the  same  takes  place  with  the  whistle  of  a  rapidly 
moving  train  to  a  person  who  is  stationary.  Now,  colour  is  the 
pitch  of  light,  so  to  speak ;  it  is  given  by  the  length  of  the  waves  of 
ether ;  light  is  red  when  the  length  of  the  wave  is  ^T^^nr^^  ^^  ^^  inch, 
violet  when  xi^rns^^  of  an  inch;  a  change  in  the  colour,  or  Ume^  will 
then  indicate  a  greater  or  less  velocity,  that  is,  the  number  which 
enter  the  eye  in  a  second.  On  these  principles  it  was  foiind  that 
Sirius,  the  largest  star  in  the  heavens,  reckoned  equal  to  fourteen  of 
our  sun,  is  moving  away  from  the  earth  at  the  rate  of  29*4  miles  per 
second,  allowance  being  made  for  the  earth's  motion  at  the  time,  in 
direction  and  rate  (19  miles  per  second),  and  for  the  sun's  tnuuh 
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ference  towards  Hercules  at  the  absolute  velocity  of  4^  miles  per 
second.  The  great  majority  of  the  stars  have  a  similar  motion  in 
space,  a  general  drift  in  a  particular  direction.  This  drift  has  been 
recently  separated  from  that  relative  displacement  due  to  the  sun's 
motion.  The  drift,  in  fact,  is  quite  independent  of  the  sun,  and  not 
such  as  his  motion  would  give  ;  stars,  and  even  whole  systems,  have 
really  proper  motions,  like  that  of  the  solar  system  itself.  This  sub^ 
ject  has  been  lately  treated  of  by  Mr.  K.  A.  Proctor  in  several  able 
papers  laid  before  the  Astronomical  Society.  Maedler  had  fixed 
upon  Alcyone  in  the  Pleiades  as  the  centre  of  the  sidereal  systems, 
that  to  which  there  was  a  general  star-drift.  This  is  now  found 
to  be  no  more  than  a  local  drift.  A  portion  of  Perseus  is  really 
the  centre  of  many  more  motions  than  the  Pleiades.  But  it  would 
be  rash  to  fix  as  yet  upon  any  constellation  as  a  special  centre. 
How  wondrous  and  complex  are  the  relations  thus  presented 
to  us !  the  bare  attempt  to  conceive  of  them  overwhelms  the  mind. 

Many  nebulse  were  resolved  by  the  Kosse  telescope,  but  many 
remained  irresolvable ;  of  the  latter  not  a  few  have  been  found 
under  the  spectroscope  to  be  simple  glowing  vapours  highly 
attenuated,  and  most  probably  hydrogen  and  nitrogen ;  for  though 
intensely  heated,  their  light  is  too  feeble  to  indicate  their  nature 
with  certainty.  Of  these  vast  nebular  masses,  some  are  moving 
through  space,  some  are  isolated,  while  others  are  attached  to  star- 
systems,  as  if  to  "  afford  fuel  to  the  burning  suns  1"  Already  the 
great  Melbourne  telescope,  set  up  last  year,  has  done  good  service 
among  these  nebulse. 

The  new  method  of  research  has  been  brought  to  bear  upon  comets, 
meteors,  the  aurora,  and  the  zodiacal  light ;  but  no  large  comet  has 
visited  us  since  this  method  arose,  and  there  is  still  much  imcertainty 
regarding  them.  That  cometary  matter  closely  resembles  meteoric 
there  can  be  no  doubt.  The  meteoric  displays  of  the  last  two  or 
three  years,  the  impressive  grandeur  of  which  passes  all  description, 
was  caused  by  the  earth's  orbit  intersecting  two  concentric  rings  of 
meteors,  which  are  in  rapid  revolution  round  the  sun  in  a  period  of 
33|  years.  Donati's  comet  in  1858,  and  two  others  in  1862  and 
1866,  with  several  smaller,  are  now  known  to  follow  the  path  of  these 
rings.  A  comet  may  thus  be  but  the  gathered-up  materials  of 
meteors ;  and  matters  detached  from  comets  may  circulate  as  meteoric 
matter  till  absorbed  by  the  sun  as  he  careers  from  region  to  region  of 
boundless  space.  It  is  certain  that  they  are  highly  attenuated,  and 
phosphorescent,  rather  than  incandescent.  The  marvel  is  the  rapid 
flight  of  matter  so  attenuated,  and  its  resisting,  as  it  passes,  the 
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powerful  attraction  of  the  sun.  The  experiments  of  Dr.  Tyndal  on 
the  passage  of  electric  light  through  highly  rarified  air  containing 
very  minute  particles,  suggest  an  origin  for  the  tails,  and  for  their 
inconceivable  velocity  of  emission.  The  sun's  attraction  may  bring 
down  matter  of  some  kind  in  showers  of  indefinitely  small  particles; 
and  the  illumination  of  this,  as  his  beams  dart  across  it,  may  give 
the  "^appearance  of  an  emission  with  the  velocity  required.  Though 
so  little  of  it  is  visible  to  us,  the  quantity  of  this  meteoric  and 
cometary  malter  difiiised  through  space  must  be  inconceivably  great. 
The  two  rings  are  100,000  miles  wide,  and  1,000,000  miles  in 
length;  and  in  the  perturbations  of  Mercury  there  is  evidence 
of  an  enormous  mass  of  meteorites  within  his  orbit.  We  have 
learned  but  yesterday  what  an  important  part  they  play  in  the 
economy  of  the  solar  system.  The  sun  himself  may  be  built  up  of 
them, — that  he  is  permanently  fed  by  them  there  seems  little 
doubt,  though  such  supply  cannot  last  for  ever;  and  the  discrete 
masses  which  circulate  round  the  vast  globe  of  Saturn,  appearing  to 
us  as  three  rings,  may  also  be  of  this  same  nature. 

That  the  aurora  is  accompanied  by  strong  magnetic  or  electrical 
action  there  can  be  no  doubt.  The  experience  of  observatories 
and  telegraph  stations  amply  testifies  to  this.  It  is  certainly  con- 
nected with  our  atmosphere,  the  height  being  often  very  moderate 
by  which  it  is  separated  from  the  earth,  as  it  is  often  seen  betweei^ 
an  observer  and  a  mountam  side.  It  may  be  caused  by  electric 
or  magnetic  currents  passing  through  rarified  air;  and  may  be 
especially  active  about  the  equinoxes,  on  account  of  the  rapid  trans- 
mission to  our  latitudes,  at  that  time,  of  the  rarified  air-currents 
of  the  anti-trades.  It  is  necessary,  however,  to  observe  that  the 
spectrum  of  the  aurora  has  given  a  Une  not  known  to  exist  in 
connection  with  any  terrestrial  element.  The  same  line  exists  in 
the  zodiacal  light,  and  in  the  envelope  of  the  sirn.  [I  learn,  while 
these  paragraphs  are  at  press,  that  this  green  line  was  observed 
in  the  spectrum  of  the  corona  during  the  late  total  eclipse;  and 
this  seems  almost  to  establish  the  identity  of  the  aurora,  corona,  and 
zodiacal  light,  as  all  consisting  of  meteoric  matter,  which  contains 
some  element  yet  unknown  to  us.  Such  element  may  exist  as 
an  atmosphere  to  meteorites,  and  get  mixed  with  our  atmosphere 
in  its  higher  regions,  from  the  frequent  explosions  of  meteors  as 
they  dart  through  it,  and  thus  shew  in  the  aurora.  This  recent 
and  important  observation  has  been  made  known  to  me  by 
Professor  Thorpe.] 

The  results  which  spectrum  analysis  has  given  us  regarding  .thq 
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constitution  of  the  sun  and  stains  suggest  many  thoughts  of  a  highly 
interesting  kind.  The  substances  which  we  find  in  the  sun  are  the 
same  as  those  existing  on  the  earth ;  at  least  we  have  no  knowledge 
as  yet  of  any  others;  and  many  more  of  our  terrestrial  substances 
may  exist  there  undiscovered  by  us.  This  leads  to  the  legitimate 
conclusion  that  the  planets  of  the  solar  system  are  all  of  the  same 
structure ;  for  why  should  one  of  them  agree  in  this  respect,  the 
third  in  order  from  the  sun,  and  the  rest  differ]  We  know  they 
have  atmospheres,  clouds,  and  mountains ;  and  in  regard  to  Mars, 
that  he  has  continents  and  seas.  Clouds,  mountains,  and  seas  imply 
the  existence  of  lakes  and  rivers !  Are  all  these  substances,  these 
arrangements,  the  manifestations  of  great  natural  laws  in  operation, 
only  placed  there,  made,  or  acting,  that  we  may  observe,  speculate, 
and  admire  ?  Are  not  all  these  bodies  the  abodes  of  plants,  animals, 
and  higher  intelligences?  Doubtless  they  are  inhabited;  and  the 
lime,  the  magnesia,  the  iron,  zinc,  cobalt,  copper,  antimony,  and 
hydrogen,  as  well  as  the  air  that  surrounds  the  planets,  are  placed 
there  for  purposes  of  use.  Thus  the  discoveries  of  the  spectroscope 
lend  vast  additional  weight  to  the  arguments  which  were  urged, 
as  you  will  remember,  by  Sir  David  Brewster,  some  years  ago, 
against  those  of  Professor  Whewell,  for  the  existence  of  other  in- 
habited worlds,  the  moon  of  course  excepted ;  for,  so  far  as  we  can 
judge,  her  surface  shews  us  a  world  in  a  state  of  utter  physical  ruin. 
That  these  same  substances  have  been  found  in  all  the  fixed  stars 
which  have  been  examined,  renders  the  conclusion  very  forcible  for 
a  like  struct\ire  of  the  planetary  orbs  which  circle  round  them,  and 
for  the  argument  that  these  also  have  not  been  made  in  vain,  but 
are  the  abodes  of  countless  millions  of  intelligent  beings,  living  for 
the  glory  and  the  delight  of  their  Creator.  Again,  whatever  may 
be  the  general  support  which  an  intelligent  philosophy  gives  to  the 
nebular  hypothesis  of  Laplace,  on  physical  grounds  or  mechanical 
principles,  or  its  consistency  with  the  actual  structure  of  the  universe 
(of  which  there  is  the  utmost  doubt),  the  spectroscope  has  certainly 
shewn  us  that  nebulous  matter  still  really  exists,  and  that  clusters 
are  irresolvable,  not  because  our  instruments  want  power,  but 
because  there  are  really  no  stars  to  see  there ;  but  merely  an  at- 
tenuated gas,  of  a  simple  structure,  existing  in  masses  of  incon- 
otivable  magnitude  in  various  parts  of  space. 

Geoloqt. — I  have  occupied  so  much  of  your  time  already,  that 
I  must  now  confine  myself  to  a  very  few  remarks  on  the  recent 
progress  of  Geology. 
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The  discussions  in  regard  to  the  age  of  the  crystalline  schists  of 
the  central  Highlands,  between  Sir  K.  Murchison  and  his  supportei*s 
on  the  one  hand,  and  Professor  James  Nicol  on  the  other,  has  in 
the  meantime  come  to  a  close.  The  tone  of  some  of  the  later 
papers  had  become  too  keen,  and  Professor  Nicol,  unwilling  in 
any  way  to  increase  this  acerbity,  has  forborne  a  rejoinder.  His 
views  he  declares  to  be  unaltered;  he  even  assures  me  he  has 
many  new  and  important  facts  to  bring  forward  in  support  of 
them,  which  are  for  the  present  withheld.  The  question  can  thus 
hardly  be  regarded  as  quite  settled,  at  least  in  the  minds  of  many 
who  regard  Professor  Nicol  as  a  physical  geologist  of  great  ability, 
and  possessing  an  intimate  knowledge  of  the  whole  region  which  is 
the  subject  of  dispute.  But  I  shall  not  follow  this  subject  further, 
as  I  may  have  something  to  say  upon  it  in  the  course  of  this  session, 
having  twice  visited  of  late  some  of  the  controverted  sections. 

The  discussion  on  the  nature  of  the  so-called  oldest  fossil  of  the 
globe,  the  Canadian  Eozoon  of  the  Laurentian  rocks,  is  as  vigorously 
carried  on  as  ever.  Dr.  Dawson  and  Dr.  Carpenter  still  maintaining 
its  organic  character,  while  Professors  King  and  Bowney  as  stoutly 
support  the  view  of  its  mineral  origin.  Some  new  facts  were 
brought  up  at  the  last  meeting  of  the  British  Association  in  Liverpool. 
Professor  King  presented  a  specimen  of  altered  lias-marble  from 
contact  with  syenite  near  Broadford,  in  Skye,  a  locality  which  I 
know  well,  and  described  it  as  possessing,  in  as  marked  a  degree  as 
the  Canadian  specimens,  the  peculiar  structure,  even  in  the  micro* 
scopic  features,  which  distinguish  the  Eozoon  of  the  Laurentian 
rocks.  If  this  could  be  established,  the  inorganic  character  of 
Eozoon  must  be  admitted  at  once.  Dr.  Carpenter  was  not  present, 
and  the  subject  excited  little  discussion;  for,  after  all,  it  is  very  much 
a  question  of  microscopic  examination,  without  which  few  would 
wish  to  venture  an  opinion.  From  all  I  could  gather,  however,  in 
conversation  with  the  geologists  present,  opinions  seemed  to  be 
nearly  equally  divided.  Professor  Bupert  Jones,  a  well-known 
microscopist,  supports  Dr.  Carpenter's  view,  and  Sir  Charles  Lyell, 
himself  a  host,  accepts  the  Eozoon  as  a  true  fossil.  If  so,  then  is  the 
existence  of  life  on  the  globe  carried  down,  as  Sir  W.  Logan 
observes,  as  far  below  its  former  horizon  in  the  Cambrian  beds,  as 
these  Cambrians  are  distant  from  the  chalk,  or  lower  tertiaries. 
Thus  is  the  age  of  life  on  the  globe  doubled  at  oUce,  and  an  ample 
lease  of  time  granted  to  the  advocates  of  the  theory  of  evolution, 
wherein  a  progressive  development,  and  modification  of  organic  forms 
from  lower  to  higher  types,  may  be  worked  out. 
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Geology    has   always    seemed    to    me    to    be    wholly    opposed 
to  any   theory   of  evolution.      It   shews   that   the    same    organic 
forms  have  maintained  a  striking  permanence  through  many  suc- 
cessive formations,  and  intervals  of  time  so  vast,  that  the  mind  fails 
to  grasp  them.     Of  this  persistency  of  organic  forms  instances  might 
be  multiplied.     Certain  fossils   of  the  Silurian  period  cannot  be 
distinguished  from  species  now  living;  while  in  the  genera  and 
species  of  this  great  formation,  which  represents  a  vast  period,  there 
is  as  great  diversity  of  forms  as  in  our  living  fauna.     Here  the  fieimily 
of  Trilobites,  now  extinct,  and  which  had  then  its  great  development, 
presents  to  us,  as  Mr.  Gwyn  Jeffreys  has  shewn,  many  points  of 
departure  in  the  variations,  and  not  a  single  point  from  which  they 
proceeded.     A  large  assemblage  of  species  disappears  at  the  top  of  a 
certain  Welsh  group,  and  after  an  interval  of  5,000  feet  of  strata  is 
passed  through,  the  whole  assemblage  appears  again  in  the  same 
specific  forms.     Two  species  of  lizard  have  lately  been  obtained  from 
the  new  red  sandstone  of  the  north  of  Scotland ;  but  they  are  wholly 
unlike  one  another,  and  unlike  any  lizard  of  the  Permian  or  Triasic 
formations ;  one  of  them,  the  Telerpeton,  is  "  in  structure,  economy, 
and  physiognomy,"  in  fact,  "  in  every  respect  exactly  like  a  modem 
gecko,"   as   perfectly  organized,   and   without    a   single   character 
approximating  it  to  the  reptiles  of  beds  below ;  from  all  Lacertians, 
recent  and  fossil,  it  differs  in  the  structure  of  the  fifth  digit  of  the 
hind  foot.    The  other  creature,  Hyperodapedon,  from  the  same  beds, 
has  no  analogy  with  the  last,  but  resembles  in  the  closest  manner 
a  lizard  still  living  in    New  Zealand  (Sphenodon).      Both  have  a 
structure  of  jaw  which  belongs  to  no  other  reptile,  living  or  fossiL* 
This  fossil  lizard  has  been  found  in  similar  beds  in  England,   in 
India  by  Dr.  Oldham,  and  in  South  Africa  remains  of  the  same 
genus  have  been  discovered. 

The  doctrine  of  the  permanency  of  organic  forms  has  received 
striking  confirmation  in  the  results  of  the  dredging  expeditions  in 
the  Atlantic  just  brought  to  a  close.  The  floor  of  this  ocean,  from 
the  Faroe  Isles  to  St.  Helena,  and  from  the  coast  of  Ireland  to 
Florida,  at  depths  from  3,000  feet  to  three  miles,  is  covered  with  a 
deposit  of  calcareous  mud,  which,  when  dried,  has  a  close  resem- 
blance to  chalk  or  oolite,  and  like  the  ancient  chalk,  itself  a  deep-sea 
deposit,  consists,  wholly  in  many  parts,  of  microscopic  organisms ; 
the  entire  mass  being  penetrated  by  a  living  organism  of  a  gela- 
tinous structiire,  which  has  the  power  of  separating  from  sea  water 
lime,  and  such  organic  compounds  as  supply  food  to  the  minute 

•Huxley,  in  Jour,  Otol  Soc.,  vol.  xxiii,  1867,  p.  77 ;  and  vol.  xxv.,  1869,  p.  167. 
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Globigeiinse,  whose  broken  shell-cases  make  up  the  great  mass  of  the 
ooze  or  mud.  On  this  white  chalky  mud  there  were  found,  flourish- 
ing in  abundance,  many  species  of  sponges,  echini,  crustaceans,  and 
mollusks,  the  entire  assemblage  forming  a  marine  fauna  with  a 
great  general  likeness  to  that  of  the  ancient  chalk  period,  though 
whole  groups,  as  the  Ammonites,  Hippurites,  Baculites,  &c.,  with  the 
fishes,  are  unrepresented  in  the  dredgings.  Of  those  which  are 
living,  a  considerable  number  of  species  are  identical  with  those 
which  are  fossil  in  the  chalk,  and  were  till  now  considered  to  be 
extinct.  Through  the  vast  lapse  of  ages  which  separate  our  time 
from  the  epoch  when  the  white  chalk  began  to  be  deposited  in  a 
deep-sea  area  reaching  from  the  north  of  Ireland  to  South  Russia, 
and  from  the  Pyrenees  to  Moen  in  the  Cattegat,  these  creatures 
lived  on,  unmodified  by  the  changing  conditions,  and  surviving 
the  revolutions  which  destroyed  the  chambered  cephalopods ;  for 

**  The  Almighty's  breath  spake  out  in  death. 
And  the  Ammonite  lived  no  more." 

What  more  striking  example  could  be  given  to  illustrate  the  truth 
of  the  permanency  of  forms,  and  the  stability  of  the  laws  of  their 
existence  impressed  upon  these  creatures  when  first  called  into 
being? 

Another  most  striking  fact  brought  to  light  by  these  dredgings 
is  the  existence  of  a  warm  and  cold  area,  within  six  miles  of  one 
another  along  the  sea  bottom.  The  water  in  the  warm  area  has  a 
temperature  of  45*  to  48*  F. ;  that  in  the  cold  from  30"  to  32'  P.  The 
fauna  of  the  one  is  of  an  arctic  character,  that  of  the  other  warm* 
temperate,  and  it  is  not  a  little  remarkable  that  the  mineral  character 
of  the  deposits  is  essentially  different  in  the  two  areas.  The  bearing 
of  these  facts  on  the  conditions  and  character  of  cotemporaneous 
formations,  and  on  reasonings  regarding  surface  changes  of  climate, 
is  too  obvious  to  require  further  remark. 

Some  have  alleged  that  the  generalizations  of  geologists  are  dis- 
credited by  these  discoveries,  and  that  their  conclusions  will  need  to 
be  modified.  But  this  is  a  hasty  view  of  the  subject.  Geology 
stands  &st  as  a  science  on  two  generalizations,  which  nothing  can 
now  disturb : — 1st.  That  the  crust  of  the  earth  is  built  up  of  strata, 
which  have  a  certain  regular  succession,  never  departed  from,  and 
the  same  in  all  ooiintries;  and,  2ndly,  That  these  strata,  if  fossil  iferou» 
at  all,  are  characterized  by  like  assemblages  of  fossils,  and  can 
be  identified  by  these  over  vast  distances,  though  mineral 
characters  may  fajL    When  it  is  said  that  we  are  still  living  ''  in 
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the  chalk  period/'  this  is  meant  perhaps  merely  as  a  figure 
of  speech,  or  period  may  be  confounded  with  formation.  The 
creatures  of  the  ancient  chalk,  which  survive  in  the  Atlantic, 
are  but  a  small  part,  and  that  the  less  highly  organized,  of  the 
animal  remains  of  the  chalk  period ;  whole  groups  passed  away  with 
the  close  of  that  period,  and  are,  doubtless,  nowhere  represented  on 
the  face  of  the  earth ;  new  groups  were  introduced  to  take  their 
place,  and  a  new  life-period  inaugurated ;  new  races  arose,  new 
geographical  and  climatic  conditions  were  established,  revolutions 
commissioned  to  do  their  work,  and  thus  the  tertiary  periods  were 
made  up.  There  would  be  more  countenance  for  the  assertion,  that 
a  certain  cycle  has  come  round  again,  under  new  conditions,  and 
that  we  are  living  now  in  a  colder  period,  in  which  a  chalk  forma- 
tion is  in  progress,  a  period  less  prolific  of  life,  but  preserving  some 
most  precious  evidences  of  an  older  life-period,  prevailing  even 
more  widely,  and  attesting  to  the  grand  truth  that  organic  forms 
have  a  true  inherent  permanence,  o'ermastering  the  power  of  outward 
circumstances,  and  proclaiming  ever  as  they  flourish  and  live  on — 

**  The  hand  that  made  us  ia  divine." 

It  was  not  till  several  weeks  after  this  address  had  been  delivered 
before  the  Society,  that  I  read  the  last  address  delivered  by 
Professor  Huxley,  as  President  of  the  Geological  Society. 

He  examines  at  some  length  the  geological  evidence  in  support 
of  the  evolution  hypothesis,  and  admits  its  failure  in  so  far  as  the 
invertebrate  and  lower  vertebrate  animals  are  concerned: — "For 
anything  that  as  yet  appears  to  the  contrary,  the  earliest  known 
Marsupials  (middle  oolite)  may  have  been  as  highly  organized  as 
their  living   congeners;    the   Permian  Lizards  shew   no   signs   of 
inferiority  to  those  of  the  present  day;  the  Labyrinthodonts  cannot 
be  placed  below  the  living  Salamander  and  Triton;  indeed,  the 
Labyrinthodont  fauna  of  the  Carboniferous  rocks  is  more  extensive 
and  diversified  than  that  of  the  Trias,  while  its  chief  types  are 
quite  as    highly   organized.      Thus,   it  is 'certain  that  a  highly 
organized  vertebrate  type  is  capable  of  persisting,   with  no   oon~ 
siderable   change,   through    the    period   represented  by  the   vast 
deposits  which  constitute  the  Carboniferous,  the  Permian,  and  the 
Tnassic  formations.''     And,  again,  he  remarks, — '<  The  significance 
of  persistent  types,  and  the  small  amount  of  change  which  has 
taken  place,  becomes  greater  and  greater  in  my  eyes  the  longer 
I  occupy  myself  with  the  biology  of  the  past.     .     .     .     Even  in 
the  Miocene  epoch,  every  important  group  in  every  order  of  the 
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mammalia  was  represented,  .  .  .  and  even  the  scanty  Eocene 
fauna  jrields  examples  of  all  the  orders;  while,  if  we  go  back  to 
the  older  half  of  the  Mesozoic  epoch,  every  order  of  the  Keptilia 
is  represented,  except  the  Ophidia,  and  groups  abounded  nwre 
specialized  than  any  which  now  exist." 

These  remarks  have  all  the  same  bearing  as  those  contained 
in  the  preceding  paragraphs,  although  they  were  unknown  to  me 
when  those  paragraphs  were  written.  The  important  bearing  of 
the  Atlantic  dredgings  Professor  Huxley  also  freely  admits;  and, 
in  that  straightforward  manly  style  which  was  to  be  expected 
from  him,  acknowledges  the  difficulties  which  beset  the  evolution 
hypothesis;  yet  is  he  by  no  means  inclined  to  give  it  up.  On  the 
contrary,  he  remarks,  ''  in  regard  to  the  higher  Verteln'ota,  the  re- 
sults of  recent  investigations,  however  we  may  sift  and  criticize 
them,  seem  to  me  to  leave  a  clear  balance  in  favour  of  the  doctrine 
of  the  evolution  of  living  forms  one  from  another;"  and  he  then 
enters  on  a  long  discussion  of  the  evidence  to  be  derived  from  the 
intermediate  forms  among  the  higher  orders  of  this  class,  the  lower 
orders  and  the  whole  invertebrate  fa/ana  furnishing  no  evidence. 
I  cannot  pretend  to  follow  Professor  Huxley  into  this  discussion, 
but  I  would  remark  that  it  seems  strange  that  if  evolution  was 
the  law  of  life,  and  not  successive  creation,  there  should  be  so 
many  cases  of  persistency  of  form  through  the  immense  periods 
acknowledged  by  all,  and  no  evidence  to  be  drawn,  even  by  *'one 
who  would  have  been  glad  to  be  able  to  find  a  good  foundation 
for  the  doctrine,"  from  the  vast  suite  of  formations,  and  all  the 
varied  forms  of  animal  life  entombed  in  them,  till  we  reach  the 
higher  types  of  vert€^rata  in  the  upper  beds. 

But  if  we  allow  the  inferences  in  regard  to  modification  of  form, 
— and,  no  doubt,  within  certain  limits  which  are  related  to  the  con- 
stitution and  vital  force  of  each  particular  species  such  modification 
must  be  admitted, — we  must  look  for  some  cause  which  determined 
the  change  at  first.  For  such  origination,  neither  **  Natural 
Selection,"  nor  any  other  theory  of  development,  pretends  to  account. 
They  deal  only  with  the  changes  after  they  are  produced.  "Why," 
then,  "should  it  be  thought  a  thing  incredible  with"  any  evolutionist 
that  a  Presiding  InteUigenoe,  foreseeing  the  new  external  conditions 
under  which  an  organic  being  was  to  be  placed,  and  the  purpose  it 
was  to  serve,  as  in  the  case  of  the  Horse  so  fully  gone  into  by 
Professor  Huxley,  should  give  the  organic  forms  such  direction  as 
to  harmonize  the  structure  in  its  development  with  those  foreseen 
external    conditions?     This    is    the    view    of   the    operation    of 
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Creative  Will  in  originating  new  forms,  very  fully  and  eloquently 
set  forth  by  the  Duke  of  Argyll,  in  his  most  able  work.  The 
Reign  of  Law ,  in  which  the  Ist  and  5th  chapters  treat  at  length  of 
the  subject  of  natural  selection,  especially  in  its  bearing  on  Geology. 
A  suggestion  somewhat  to  this  purpose  was  offered  by  Professor 
Owen,  as  stated  by  the  Duke  of  Argyll,  some  years  before  the 
theory  of  natural  selection  was  promulgated ;  it  had  reference  to  the 
early  appearance  of  forms  approaching  to  the  Horse  and  Ox — which 
were  destined  to  be  the  servants  of  man.  Now,  if  we  consider  the 
established  facts  regarding  the  total  extinction  of  many  forms  of  life 
in  the  geological  sequence,  the  appearance  of  new  forms  to  supply 
their  place;  the  evidence,  "which  no  sane  person  can  doubt,"  for 
Man's  introduction  to  the  abode  prepared  for  him  by  an  act  of 
Creative  Will,  and  the  universal  inward  consciousness  which  revolts 
from  the  idea  that  Man  is  a  specialized  brute ;  I  would  go  farther, 
and  maintain  "that  species  were  separately  constructed,  out  of  dust, 
or  out  of  nothing,  by  supernatural  power,"  as  Professor  Huxley  thinks 
"conceivable ;"  but  "will  not  admit  it  till  he  receives  distinct  evidence 
of  the  fact."  What  evidence  would  be  satisfactory  to  him  he  does 
not  indicate,  and  we  need  not  attempt  to  conjecture.  The  instincts 
of  our  nature  in  regard  to  our  relations  to  the  Supreme  Being  in 
the  future,  and  the  destinies  of  the  race,  ought  to  reckon  for  much 
as  evidence  to  any  mind. 


II. — ^ote  on  Stevenson^s  Light/or  Ships.   By  Mr.  James  R.  Napier. 


Read  before  the  Society,  November  16,  1870. 


Mr.  Thomas  Stevenson,  the  eminent  light-house  engineer,  having 
kindly  lent  the  Society  a  duplicate  of  one  of  the  side-lights  of  the 
steamer  "Pharos,"  fitted  with  his  azimuthal  condensing  apparatus, 
it  was  lighted  and  explained  by  Mr.  James  B.  Napier,  who  again 
called  attention  to  the  danger  of  collisions  at  sea  from  vessels'  side- 
lights being  seen  across  the  bow,  instead  of  only  from  right  ahead, 
as  required  by  law,  and  stated  that  although  the  Board  of  Trade  had 
improved  their  instructions  since  he  directed  their  attention  to  the 
subject,  in  1867,*  they  still  left  something  to  be  done;  and  that  ship 

*  Transactions  qf  the  InsUtuiion  of  Engineers  m  Scotland^  November,  1867 ; 
October,  1868. 
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owners  who  looked  to  their  own  interest  would  prefer  the  parallel 
lights  of  the  Act  of  Parliament  to  the  crossed  lights  of  the  Board  of 
Trade.  Mr.  Stevenson's  apparatus  had  the  merit  of  almost  literally 
complying  with  the  Act,  without  the  screen  prescribed  there,  and  of 
sending  nearly  all  the  light  of  the  lamp  in  the  required  direction. 
It  was  costly,  no  doubt,  but  as  nothing  to  that  of  a  big  ship;  and  it 
might  be  simplified,  with  probably  very  little  loss  of  effect. 


III. — Hie  Far/Mr  tmd  the  Chemist,     By  Mr.  James  Napier, 

Sen.,  F.C.S. 


Read  before  the  Society,  November  30,  1870. 


If  I  am  asked  the  question,  Why  not  read  this  paper  to  the  Chemical 
Section  of  the  Society  1  my  answer  is.  There  is  nothing  in  the  paper 
that  is  novel  to  the  professional  chemist,  and  also,  that  my  remarks 
will  embrace  the  commercial  as  well  as  the  chemical  relations  of  the 
parties  named  in  the  title,  and  will  therefore  be  more  suited  to  the 
whole  Society  than  to  any  special  branch  of  it,  the  branch  being 
included  in  the  whole.  I  shall  take  the  liberty  of  introducing  the 
subject  in  the  most  elementary  form.  There  is  an  old  and  still 
common  division  of  matter  into  what  are  termed  the  three  kingdoms 
of  Nature — namely,  animal,  vegetable,  and  mineral.  Philosophers 
have  long  pointed  out  a  wonderful  harmony  existing  between  these 
three  divisions,  especially  between  the  two  forces  that  are  ever  in  opera- 
tion upon  the  mineral — viz.,  vegetable  and  animal  life.  The  true 
relations  of  this  harmony,  however,  are  not  always  apparent  to  the 
popular  mind  If,  for  example,  it  was  the  sole  delight  of  one  neigh- 
bour to  build  up  erections,  and  the  equally  sole  delight  of  his  next 
neighbour  to  pull  down  what  the  other  had  built,  we  would  hardly 
expect  'them  to  live  in  harmony  together ;  yet  this  represents  the 
harmony  existing  between  the  animal  and  vegetable  kingdoms. 
The  vegetable  is  constantly  building  up  and  restoring ;  the  animal 
is  burning  up  and  destroying  that  which  the  vegetable  has  built ; 
and  this  may  be  stated  in  detail  as  follows  :-^— 

1.  A  vegetable  is  an  apparatus  for  construction,  and  is  fixed. 
An  animal  is  an  apparatus  for  combustion,  and  is  locomotive. 

2.  A  vegetable  transforms  mineral  matter  into  organic  matter. 
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An  animal  transforms  organic  matter  into  mineral. 

3.  Vegetables  derive  their  elements  from  earth  and  air. 
Animals  give  their  elements  to  earth  and  air. 

4.  Vegetables  produce  oxygen,  starch,  sugar,  gum,  and  fats. 
Animals  consume  oxygen,  starch,  sugar,  gum,  and  fats. 

5.  Vegetables  inhale  carbonic  acid,  water,  and  oxide  of  ammonia. 
Animals  exhale  carbonic  acid,  water,  and  oxide  of  ammonia. 

6.  Vegetables  reduce  these  compounds. 
Animals  make  them. 

Such  is  a  detailed  and  popular  view  of  the  harmony  existing  in  the  three 
kingdoms  of  Nature,  which,  if  borne  in  mind,  will  aid  us  in  appreciat- 
ifig  the  relations  of  the  farmer  and  the  chemist.  And  I  may  ask  here, 
in  passing.  How  is  it  possible,  from  these  relations,  that  a  vegetable 
could  ever,  by  any  transformation,  be  developed  into  an  animal, 
even  starting  from  a  protoplasm  ?  There  must  be  two  distinct  and 
antagonistic  forces,  each  operating  in  its  own  way. 

Having  stated  these  fundamental  principles,  it  may  be  asked.  How 
far  man  has  control  over  this  harmony  of  the  three  divisions  of 
matter  1    Viewing  the  subject  as  a  whole,  it  may  be  answered,  None; 
but,  taken  locally,  he  has  a  large  control;  and  I  will  endeavour  to 
make  this  apparent  by  a  simple  illustration,  which  will  bring  iis  to 
the  main  subject  of  this  paper.     I  daresay  most  of  my  hearers  have, 
when  young,  caught  little  fish,  and  placed  them  in  a  dish  with  water  to 
keep  them  alive,  but  were  grieved  to  find  that  the  fish  died  after  a  day  or 
two,  and  have  blamed  everything  as  the  cause  but  ignorance.  It  is  now 
well  known  that,  by  putting  into  the  bottom  of  the  vessel  some  soil^ 
a  few  roots  of  water-grass,  and  a  few  snails,  the  water  is  kept  pure, 
and  the  fish  are  preserved  in  life.    This  constitutes  a  simple  aquarium ; 
but  the  keeper  of  this  aquarium  has  to  wateh  and  regulate  the 
harmony  of  the  group.     If  the  snails  are  too  numerous  for  the  grass, 
some  of  them  have  to  be  removed ;  if  the  grass  be  too  luxiuiant, 
more  snails  have  to  be  added.     The  grass  feeds  upon  and  takes  up 
the  dung  and  carbonic  acid  given  off  by  the  animals;  and  it  in 
return  supplies  oxygen  for  the  animals  to  breathe;  and  thus  the 
water  is  kept  pure.     Now,  the  keeper  of  this  aquarium  represents 
the  farmer  of  the  olden  time — even  of  half  a  century  back — when  all 
the  animal  refuse  of  town  and  country  found  its  way  back  to  the 
soil  of  the  farm.      But  suppose  that  the   snails  and  fish  in  our 
aquarium  were  to  resolve  that  all  their  refuse  matter  henceforth 
should  be  kept  from  the  water  they  live  in,  and  take  means  to  put 
it  elsewhere,  the  result  would  be  a  breaking  up  of  the  harmony  of 
the  group,  both  plants  and  animals  would  sicken  and  die,  and  the 
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aquarium  keeper  would  be  driven  to  his  wits-end.  He  would  thus 
represent  the  position  the  farmera  would  have  been  in  at  present,  if  left 
entirely  to  their  own  resources;  but  the  chemist  came  to  the  Armor's 
aid,  and  he  found  out,  by  a  series  of  investigations  and  analyses, 
the  composition  of  the  different  plants  grown  by  the  farmer — ^that 
the  component  parts  of  every  kind  of  plant  were  constant,  although 
varying  in  quantity  in  different  kinds  of  plants,  and  that  although  some 
of  the  earthy  components  were  in  very  small  quantity,  still  they  were 
as  essential  to  the  health  and  growth  of  the  plant  as  those  parts  that 
were  in  greater  proportion ;  also,  that  the  sources  from  which  the  vege- 
tables received  these  component  parts  were  the  soil,  the  water,  and  the 
atmosphere ;  that  in  order  to  the  full  development  of  plant  life  there 
must  be,  not  only  a  sufficiency  of  every  ingredient  necessary  for  it, 
but  also  in  a  condition  fit  for  the  plant  to  feed  upon;  and  then,  by 
analyzing  the  matters  of  which  our  social  arrangements  had  deprived 
the  soil,  he  was  enabled  to  direct  the  farmer  to  new  sources  of  supply-. 
In  this  way  the  chemist  and  farmer  became  mutual  helpers,  both 
for  personal  and  general  good,  and  at  once  raised  the  business  of  a 
farmer  from  being  a  mere  routine  of  {processes  requiring  little  skilly 
to  a  profession  requiring  a  liberal  education,  embracing  an  intimate 
knowledge  of  different  sciences,  especially  of  theoretical  and 
technical  chemistry.  But  fJEumers  are  not  yet  chemists,  and  the 
mere  knowledge  of  what  is  necessary  does  not  help  them  much. 
Under  these  circumstances,  however,  there  has  arisen  a  third  party, 
who  undertakes  the  supply  of  all  these  wants  of  the  fitrmer.  This 
is  the  artificial  manure-maker,  who  may  know  little  or  nothing  of 
either  chemistry  or  farming.  Although  the  feurmer  has  come  to  the 
knowledge  that  every  plant  has  its  own  wants,  and  that  the  soil  is 
the  principal  medium  through  which  these  are  supplied,  still  he  is 
ignorant  of  what  his  soils  contain,  and  consequently  does  not  know 
what  special  plant-food  his  soil  is  deficient  in.  The  manure-maker 
knows  as  little  of  the  special  want  of  the  fitrmer  as  he  does  himself, 
but  generally  acts  thus, — having  learned  the  constituents  of  the  plant, 
he  makes  up  a  mixture  containing  )K>mething  of  each,  which  being 
added  to  the  soil,  the  plant  may  select  what  it  requires.  Some,  how« 
ever,  are  more  definite  in  this  matter,  and  offer  special  manure  for 
turnips,  potatoes,  cereals,  &o.f  kc, ;  each  and  all  are  thus  patronized  by 
farmers.  It  often  happens  that  two  fitrmers  buy  the  same  kind  of 
manure,  and  apply  it  to  the  growth  of  the  same  kind-^f  plant.  One 
has  a  wonderful  crop,  and  in  gratitude  sends  a  glowing  certificate; 
the  other  has  a  failure,  and  blames  the  manufkcturer  for  cheating 
him,  and  threatens  law  for  redress,  and  bays  somewhere  else  next 
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season ;  and  this,  less  or  more,  has  gone  on  for  years.  Surely  this 
is  not  a  very  healthy  state  of  trade;  and  the  question  is,  Who  are  to 
blame?  I  blame  no  one,  but  merely  say  that,  where  there  exists 
such  an  amount  of  ignorance,  both  by  the  seller  and  buyer,  of 
what  is  really  required,  there  is  room  for  empiricism.  If  the  farmer 
of  the  present  day  cannot  help  himself,  it  will  at  least  teach  him 
the  duty  of  educating  his  sons,  who  are  to  follow  him,  that  they 
be  qualified  to  test  the  condition  of  the  soils  and  know  what  is 
required  for  the  plant.  While,  however,  an  intimate  knowledge 
of  chemistry  is  essential,  it  must  be  accompanied  with  practical 
experience  of  farming.  There  is  much  truth  in  the  adage  that  an 
ounce  of  practice  is  worth  a  pound  of  theory;  but,  at  the  same  time, 
there  is  no  truth  in  the  statement  that  theory  and  practice  are  in 
conflict  with  each  other.  Where  they  seem  to  jar,  there  is  either 
something  false  in  the  theory  or  wrong  in  the  practice:  and  this 
applies  forcibly  to  the  farmer  in  relation  to  chemistry;  but  the 
farmer  and  chemist  should  be  one  person,  or,  at  all  events,  should 
have  one  interest.  The  farmer  should  became  as  familiar  with  the 
composition  of  his  soil  as  a  merchant  with  the  stock  of  goods  in  his 
warehouse — ^the  contents  of  the  soil  being  to  him  a  large  portion  of 
biB  stock-in-trade — so  that  when  he  takes  off  one  crop  from  a  field, 
be  should  know  £Lx>m  the  weight  of  the  crop  removed  what  ingredients 
the  soil  has  been  deprived  of,  and,  consequently,  what  will  be 
necessary  for  the  next  crop  to  be  sown;  and  then  let  him  send  to  the 
manure-maker  or  chemical  manufacturer  for  such  ingredients  his 
crop  and  soil  require.  Until  he  can  do  this,  the  &rmer  is  not 
master  of  his  trade,  but  is  carrying  it  on  at  haphazard.  Knowledge 
in  trade  is  more  than  power — ^it  is  profits.  If  this  was  kept  more 
in  mind,  there  would  be  more  seeking  after  it. 

I  have  confined  myself  as  yet  to  the  relation  of  the  chemist  and 
farmer,  as  mutual  helpers  in  working  out  the  fundamental  principles 
of  the  art  of  the  agriculturist.  I  now  draw  your  attention  to  another 
phase  of  this  relationship,  which  has  grown  up  during  these  years  of 
transition,  and  which  is  not  so  pleasant  nor  gratifying  to  the  chemical 
profession, — I  mean,  the  commercial  position  between  the  chemist 
and  farmer  at  the  present  time ;  and  by  the  term  chemist  here,  I  do  not 
mecm  such  as  those  I  have  been  referring  to,  who  carefully  investi- 
gate the  various  changes  that  take  place  between  the  plant,  the 
soil,  and  manure,  and  their  relations  to  each  other — these  are  the 
true  guides  of  the  farmer,  the  patriots  of  the  coiintry ;  but  I  refer 
now  to  the  commercial  analyst  who  professes  to  give  the  ingredients 
of  a  sample  of  manure  for  a  small  fee. 
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That  bones  fertilize  a  soil,  was  known  to  the  ancients ;  but  it  is 
comparatively  a  short  time  since  it  was  known  that  the  cause  of 
this  fertilizing  property  depends  upon  the  presence  of  phosphoric  acid 
and  nitrogen.  The  basis  of  bone  is  a  compound  of  three  proportions 
or  equivalents  of  lime,  and  one  equivalent  of  phosphoric  acid — keep- 
ing by  the  old  notation :  thus, — 

72.  Phosphoric  acid. 
28.  Lime. 
28.  Lime. 
28.  Lime. 

This  compound  of  bone  is  insoluble  in  pure  water,  but  slightly 
soluble  in  water  containing  carbonic  acid,  and  more  so  if  gelatinous 
matter  is  present.  Hence  raw  bones  are  very  good  fertilizers. 
When  the  gelatinous  part  of  bone  is  burned  away,  leaving  the  carbon, 
it  is  called  bone-charcoal ;  when  both  are  burned  away,  the  residue 
is  termed  bone-ash.  In  both  these  cases  the  phosphate  of  lime  remains 
unchanged,  and  is  still  slightly  soluble  in  the  soil  by  water  contain- 
ing carbonic  acid, — some  say  not  so  easily,  others,  more  easily 
than  raw  bones, — varying  in  any  case  very  much  according  to  the 
nature  of  the  soil,  but  even  under  the  most  favourable  circumstances 
requiring,  if  applied  in  proper  quantity  for  fertilizing,  years  before 
they  are  fully  decomposed  and  in  fit  state  to  be  taken  up  by  the 
plant ;  so  that  to  keep  a  soil  in  a  highly  fertilizing  condition,  by  the 
application  of  bones,  will  require  the  constant  presence  of  a  large 
quantity  in  the  soil,  and,  consequently,  a  large  sum  of  money  lying 
unproductive. 

Here,  again,  the  philosophic  chemist  came  in  aid  of  the  farmer,  by 
pointing  out  that  if  these  bones  are  acted  upon  by  an  acid,  such  as 
sulphuric  acid  in  certain  proportions,  it  takes  up  some  of  the  lime, 
and  loosens,  if  we  may  use  the  expression,  the  phosphoric  acid, 
leaving  a  compound  of  it  and  lime,  easily  soluble  in  water.     Thus, — 

72.  Phosphoric  acid, )  Phosphate   of  lime,   popularly  known  as 

28.  Lime,  j      biphosphate. 

28.  Lime, 

28.  Lime, 

40.  Sulphuric  acid, 

40.  Sulphuric  add, 

The  phosphoric  acid  in  this  biphosphate  is  in  a  condition  to  feed 
the  plant  immediately  ;  so  that  the  feurmer,  knowing,  as  he  should 
know,  the  quantity  of  phosphoric  acid  req\iired  by  the  plant  he 
intends  to  grow,  can  apply  that  quantity,  and  thus  not  only  save 
Vol.  VII.— No.  3.  2d 


>-Sulphate  lime. 
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oapital,  but  have  a  return  for  the  money  he  lays  out  in  one  year. 
The  manufjBUJture  of  this  superphosphate  is  the  business  of  the 
manure-maker. 

In  a  very  few   years  after  the  manufacture  of  these  soluble 
phosphates    was    introduced,     the    demand    for    them     increased' 
beyond  the  supply  of  bone-material  to  make  them.     Consequently 
other  sources  of  phosphates  of  lime  were  sought  for,  and  found 
in  the  mineral  kingdom — such  as  coprolites,  apatite,  and  a  variety 
of  different  minerals  having  somewhat  similar  composition.     These 
were  got  much  cheaper  than  bones;  and,  we  think,  unfortunately, 
instead  of  their  being  introduced  as  a   substitute  for  bones,  and 
sold  to  the  farmer  at  a  fiiir  price  as  such,  they  were  introduced 
mixed  with  bone-phosphates  as  adulterants,  and  the  mixture  was 
sold  as  dissolved  bones,  or  bone-superphosphates.     This  has  led  all 
the  parties  concerned  into  a  false  position,  one  of  constant  jealoiLsy 
and  want  of  confidence  in  one  another.     The  extent  of  this  adultera- 
tion I  cannot   pretend  to  judge;  but,  looking  at  manufacturers' 
circulars,  I  am  afi*aid  that  the  suspicions  of  many  farmers,  of  ex- 
tensive adulterations  of  this  sort,  are  too  well  founded.     In  1869, 
the  import  of  bones  and  bone-ash,  for  all  purposes,  amounted  to 
95,979  tons;  and,  according  to  a  statement  made  last  session,  by  Mr. 
Hutton,  in  the  Chemical  Section,  there  were  200,000  tons  of  mineral 
phosphates  raised  in  this  country  alone  last  year;  and  if  we  include 
what  comes  from  America  and  the  Continent  of  Europe,  we  are  safe 
enough  in  saying  that  the  quantity  of  minerals  used  is  three  times  that 
of  the  bones.     It  may  be  said  here,  that  if  the  substances  are  of  the 
same  composition  as  bones,  and  have  the  same  relative  manurial  value, 
the  adulteration  is  really  serving  the  wants  of  the  farmers  without 
shocking  their  prejudices,  as  they  all  prefer  the  bone-material ;  but 
the  comparative  manurial  value  between  bones  and  mineral  phos- 
phates is  not  yet  determined.      The  belief  is,  that  mineral  phos- 
phates, that  have  not  been  acted  upon  by  an  acid,  have  no  manurial 
value  whatever,  or,  at  all  events,  very  little ;  and  this  is  practically 
confirmed  by  some  large  manufacturers  professing  to  charge  nothing 
for  mineral  phosphates  that  have  not  been  rendered   soluble   by 
the  acid.     Whether,  when  these  mineral  phosphates  are  rendered 
soluble  by  an  acid,  they  are  of  equal  value  with  a  bone-phosphate, 
also  soluble,  is  a  question  not  yet  determined.     Chemically  speaking, 
I  do  not  see  the  difference;  but  practically,  the  farmer  has  doubts 
about  this ;  and  as  he  is  seldom  sure,  when  he  buys  bone-phosphates, 
whether  they  are  mixed  or  not,  he  is  not  in  a  position  to  determine 
practically  their  relative  manurial  values.     The  question  naturally 
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suggests  itself,  Why  don't  the  farmer  apply  to  his  friend  the  chemist 
to  guide  him  in  his  purchases,  and  tell  him  whether  he  is  getting 
bones  or  minerals  ?  and,  if  mixed,  in  what  proportions  1  I  certainly 
think  it  is  within  the  compass  of  the  careful  analyst  to  discriminate 
between  a  bone  and  mineral  phosphate,  and  also  to  determine  whether 
a  bone-phosphate  is  mixed  with  a  mineral  phosphate ;  but  from  my 
own  experience,  in  having  samples  analyzed,  and  from  observations, 
embracing  nearly  200  so-called  analyses  of  manures,  I  am  compelled 
to  say  that  there  is  very  little  confidence  to  be  placed  in  the  results ; 
and  I  say,  unhesitatingly,  that  when  the  substances  are  in  a  soluble 
condition,  and  when  the  analyst  pretends  to  tell  whether  they  are 
derived  from  bone-ash  or  mineral,  or  both,  I  have  not  the  slightest 
confidence  in  the  decision — ^that  is,  according  to  the  ordinary  system 
of  commercial  testing.  We  have  had  samples  made  entirely  from 
bone-material  reported  to  have  four-fifths  of  mineral,  and  we  have 
made  up  samples  having  three  parts  mineral,  and  had  them  reported  all 
bone;  nay,  samples  of  entire  mineral  have  been  reported  entirely 
bone-phosphate.  But  not  only  in  the  matter  of  detecting  a  mixture 
of  different  phosphates,  which,  I  admit,  is  difficult,  and  requires 
great  care,  but  in  detexmining  the  quantity  of  phosphate  of  lime  in 
any  sample,  whether  mixed  or  not,  there  is  a  grievoiis  want  of 
accuracy.  We  have  sent  a  portion  of  the  same  lot  of  dissolved  bone* 
ash,  just  as  dissolved,  to  four  different  chemists,  or  analysts,  and 
they  differed  in  the  phosphates  from  41  per  cent,  to  47  per  cent. 
The  mean  was  nearly  what  should  have  been ;  but  a  round-about 
way  to  get  at  the  truth,  even  in  pure  bone-ash,  when  samples  of  a 
cargo  are  taken  with  great  oare,  and  thorotighly  mixed.  The  two 
analysts  seldom  come  closer  than  between  2  and  3  per  cent,  of  the 
phosphates ;  at  least,  this  is  our  experience.  We  have  seen  5  per 
cent,  of  difference.  As  these  are  purchased  by  the  percentage  of 
phosphate  of  lime  present,  differences  of  this  sort  lead  not  only  to 
grave  suspicions  of  want  of  oare,  but  great  loss  of  money.  I  am 
afrttid  the  claim  for  chemistry  being  one  of  the  exact  sciences, 
would  sound  doubtful  in  the  ears  of  £Ekrmers  and  manure-makers, 
and  any  person  not  a  chemist.  Our  experience,  after  a  few  years  of 
manure-making,  is,  that  there  is  a  great  want  of  care,  not  only  in  the 
mechanical  manipulation^  but  in  drawing  up  the  result  of  an  analysis; 
for  when  the  careful  chemist  is  working  upon  known  compounds,  he 
can  tell  by  the  results  where  there  is  any  great  error,  and  whether 
it  represents  what  the  substance  was  said  to  be ;  for  example,  in 
analyzing  a  superphosphate  made  frx>m  bones,  he  knows  the  fixed 
composition  of  the  phosphate  of  lime  in  bones,  and  the  reactions 
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that  take  place  by  the  adding  of  the  vitriol,  and,  consequently,  that 
for  every  100  ])arts  of  biphosphate  made,  there  must  of  necessity  be 
found  13G  of  sulphate  of  lime;  and,  as  this  is  generally  given  by 
analysts  as  hydi-ated  sulphate  of  lime  (gypsum),  then  there  must  be 
172  gypsum  for  every  100  of  biphosphate.     Thus, — 

72.  Phosphoric  acid, )  ^^^  Biphosphate. 
28.  Lime,  J  ^      ^ 

28.  Lime, 

28.  Lime, 

40.  Sulphuric  acid,     ^172  Gypsum. 

40.  Sulphuric  acid, 

36.  Water, 

With  this  knowledge,  if  a  chemist,  analyzing  or  making  up  an 
analysis  of  what  he  got  as  bone  superphosphate,  found  the  hydrated 
sulphate  of  lime  in  less  quantity  than  the   biphosphate   got,  he 
would  suspect  something  wrong,  re-examine  his  sample,  and  if  the 
analysis  was  correct,  draw  the  attention  of  his  client  to  the  matter. 
I  have  a  list  of  analyses  published  by  a  Farmers*  Club,  where  a  bone 
superphosphate  has  less  hydrated  gypsum  than  biphosphate  in  it,  and 
without  remark.     However,  this  was  a  sample  sent  for  analysis  by 
a  manure-maker ;  but  no  samples  sent  by  farmers,  that  had  been 
bought  from  the  same  maker,  came  near  it.       Apart  from  the  com- 
mercial view,  such  samples  as  this  are  worth  attention,  for  the  sake 
of  science ;  because,  if  there  were  any  truth  in  its  being  a  bone  super- 
phosphate, bones  of  such  a  composition  would  be  new  to  natural 
history,  and  to  find  out  the  animals  that  produced  them  would  be 
an  important  discovery.     Indeed,  if  the  naturalist  was  to  look  at  the 
analyses  of  bones  sold  for  manure,  his  curiosity  would  be  greatly 
excited.     It  is  but  recently  since  we  had  a  bone-ash  analyzed  where 
9*5  per  cent,   of  the  phosphates  were   stated  to  be  phosphate  of 
magnesia.     Here  was  a  new  discovery  before  our  eyes ;  and  although 
it  cost  us  dearly,  still,  it  would  have  have  been  worth  any  money  ; 
but,  unfortunately,  in  testing  other  portions  of  the  cargo,  we  could 
not  find  the  magnesia,  and  our  hopes  were  dispelled. 

There  is  another  and  rather  a  serious  position  which  the  commer- 
cial analyst  has  assumed  in  relation  to  manures,  no  doubt  originat- 
ing in  a  laudable  desire  to  help  the  fisu'm^r ;  but  it  has  turned  out  a 
source  of  great  annoyance,  injustice,  and  ill-feeling  between  the 
manure-maker  and  the  farmer.  I  refer  to  the  practice  of  the  analyst 
fixing  a  commercial  value  upon  the  different  components  found  by 
analysis,  without  any  respect  to  the  real  market  value  of  any  of  the 
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ingredients,  and  certainly  having  no  relation  to  their  manurial  value 
to  the  farmer;  because,  as  I  have  already  said,  this  relation  dej)ends 
upon  his  wants.  Besides,  different  chemists  give  different  rates  of 
valuation,  ranging  from  7  per  cent,  to  50  per  cent.,  without  any 
apparent  reason.  I  will  state  two  examples  :  when  the  market 
price  of  phosphates  in  bone  was  £6  per  ton,  the  average  price  by 
the  chemists  for  soluble  phosphates  was  £27  per  ton.  Now,  when 
the  phosphate  of  bones  are  £50  per  cent,  dearer,  the  price  of  the 
chemist's  is  £22,  nearly  20  per  cent,  less ;  and  in  valuing,  no  dis- 
tinction is  made  between  soluble  bone  and  mineral,  although  the 
latter  is  from  40  per  cent,  to  50  per  cent,  cheaper  in  the  market. 
My  second  example  is  more  anomalous.  I  have  stated  that  raw 
bone  has  a  considerable  manurial  value,  from  having,  in  its  organic 
portions,  nitrogen.  Skins,  hair,  leather,  wool,  hoofs,  <fec.,  &c., 
have  also  large  quantities  of  nitrogen.  When  any  of  these  matters 
are  in  the  manure,  the  analyst  values  the  nitrogen  as  ammonia, 
taking  the  equivalent  it  will  make.  Now,  ammonia  is  a  manu- 
factured article  of  very  high  value  in  the  market ;  and  consequently, 
to  value  the  nitrogen  existing  in  such  matters  at  the  same  rate 
at  which  it  would  be  sold  as  ammonia,  after  an  expensive  and 
tedious  process  of  manufacture,  is,  to  say  the  least  of  it,  absurd ;  and 
no  merchant  who  knew  his  business  would  submit  to  it.  There  is, 
however,  large  quantities  of  ammonia  used  in  manures  as  sulphate 
of  ammonia,  and  such  should  be  valued  as  a  manufactured  article ; 
but  even  when  this  salt  is  present,  the  chemist's  valuation  is  alto- 
gether out  of  the  rule  of  ordinary  trade.  When  ammonia  was  selling 
at  £45  per  ton,  the  average  value  put  upon  it  by  the  chemists 
was  £58  per  ton.  Now,  when  ammonia  sells  in  the  market  at  £68 
per  ton,  the  average  price  put  on  it  by  chemists  is  £65.  We  believe 
that  some  of  our  chemists  are  beginning  to  see  the  evil  of  this  practice; 
but  the  system  has  become  so  conventional,  that  the  object  of  most  of 
the  farmers  who  send  their  manure  to  be  tested  is  in  order  to  com- 
pare the  money  value  of  the  chemist  by  what  they  have  been 
charged,  rather  than  to  know  its  manurial  value.  Now,  the  analyst 
knows  perfectly  well  whether  the  ammonia  exists  in  the  manure  as 
a  manufactured  article,  or  merely  having  the  raw  material,  and  the 
not  drawing  the  attention  of  the  farmer  to  the  difference,  an  injury  is 
done  to  him  in  two  ways  :  first,  by  his  paying  ten  times  the  value  for 
it;  and  second,  if  it  exist  as  ammonia,  and  he  pays  only  its  value,  he 
gets  that  returned  in  one  season,  but  if  as  nitrogen  in  leather,  hair, 
Ac,  he  won't  get  the  value  returned  by  his  crops  for  several  years, 
and  may  suffer  a  greater  loss  in  crops  than  the  whole  cost  of  manure. 
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You  will  observe  that  this  loose  system  of  chemistry  and  valuation 
is  a  premium  ou  adulteration,  so  that  both  the  farmer  and  the 
honest  manure-maker  have  need  to  be  protected  from  this  kind  of 
chemical  umpireship. 

From  these  remarks  one  would  almost  be  inclined  to  suppose  that 
chemical  science  was  at  a  discount,  and  falling  from  its  deservedly 
high  position.  I  have  no  such  thoughts ;  I  am  referring  to  the 
abuse  of  it,  and  the  false  position  it  has  assumed,  which  is  bringing 
the  science  into  discredit.  But  why  should  it  ever  get  into  this 
position  ?  One  cause,  I  think,  is,  that  the  chemist  must  have  bread 
and  butter  like  other  ordinary  mortals,  and  when  his  science  has  to 
be  used  as  a  means  of  procuring  this — as  a  trade— it  must  come  under 
the  same  law  of  competition  as  other  trades  ;  the  analyst  must  do  the 
work  cheap,  and  in  the  cheapest  manner,  in  order  to  make  it  pay. 
Not  only  fiEuners,  but  the  public  generally,  have  very  misty  ideas  of 
chemistry  in  a  commercial  aspect.  Farmers  have  shewn  this  to  a 
very  great  extent.  They  have  no  doubt  been  placed  in  a  novel 
position,  in  which  they  have  felt  their  own  helplessness ;  and  in  order 
to  protect  themselves  from  spurious  manures  and  other  sources  of 
imposition,  they  have  formed  themselves  into  clubs  and  societies  to 
get  chemical  aid.  One  chief  aim  of  many  of  these  clubs  is  to  cheapen 
analyses  to  the  members  more  than  to  get  correct  analyses.  A 
common  practice  of  these  clubs  is  to  give  a  Professor  of  Chemistry  a 
certain  salary,  in  order  that  he»  may  perform  analyses  for  the 
members  at  a  cheaper  rate  than  to  the  public, — somewhat  like  a 
parish  paying  a  doctor  a  fixed  salary  for  attending  paupers.  Why, 
the  salary  being  secure,  the  fewer  analyses  he  gets  from  members, 
and  the  cheaper  they  are  done,  the  better  it  pays.  If  this  money 
paid  as  salary  were  given  to  those  members  who  sent  analyses  to 
enable  them  to  pay  a  third  or  half  more  for  their  analyses  than- 
the  ordinary  price  charged,  the  commercial  chemist  would  pay  extra 
attention  to  such  customers,  and  assist  them,  by  tlieir  information, 
to  retain  their  business.  It  is  thus  a  considerable  object  in  a  com- 
mercial analyst  to  get  a  connection  with  a  farmers'  club.  We  know 
a  Professor  who  offered  to  do  100  analyses  for  a  club,  this  last  season, 
for  the  small  sum  of  £20.  The  club  thought  to  do  better,  and  en- 
gaged their  chemist,  as  they  would  their  tailor,  to  come  to  the  house, 
or  to  their  locality,  and  make  up  the  analyses  there.  They  certainly 
had  their  analyses  cheap,  so  far  as  money  was  ooncemed,  but  the 
result  shewed  how  helpless  farmers  are  in  their  new  condition.  Out 
of  75  samples  analyzed,  30  were  sent  in  by  manure-makers  and  their 
agents,  and  serve  as  advertisements  for  next  season,  and  appear  as  if 


Mr.  James  Napier  on  tJie  Farmer  and  Oie  CJvemisL         397 

by  the  authority  of  the  club.  Amongst  the  30  are  analyses  the  most 
extraordinary  that  ever  came  under  our  notice — I  should  say,  chemi- 
cally, humiliating.  The  club  being  threatened  with  damages  for 
publishing  false  analyses  and  valuations,  withdrew  their  first 
publication,  and  appointed  a  small  committee  of  farmers  to  revise 
the  chemist's  report.  The  whole  proceedings  seemed  beyond 
explanation,  until  we  found  the  solution  in  the  fact  that  the  club 
is  managed  under  the  influence  of  several  persons  connected  with 
manure-making. 

Without  going  further  into  the  anomalous  relation  of  the  fisu'mer 
and  commercial  chemist  to  the  manure-maker,  I  would  tender  the 
following  suggestions.  First,  to  the  fiEU*m^r.  I  would  say.  You  have 
been  using,  tinknowingly,  mineral  phosphates  to  a  large  extent,  and 
you  must  make  up  your  mind  to  continue  to  use  them,  probably  in 
a  larger  extent  than  ever, — ^the  demand  for  artificial  manures,  and 
the  limited  supply  of  bones,  force  this  upon  you  without  choice. 
Let  your  aim  therefore  be,  to  find  out  the  relative  manunal  value 
of  mineral  and  bone  phosphates,  soluble  and  insoluble,  and  also  of 
the  other  ingredients  existing,  and  as  they  do  exist,  in  the  manure. 
This  being  ascertained,  you  may  safely  leave  the  commercial  value 
to  the  ordinary  competition  of  t^'ade.  Let  no  third  party  interfere 
in  this  matter. 

And,  second,  to  the  manure-manufacturer  we  would  say,  Tell  the 
farmer  honestly,  who  buys  from  you,  the  relative  proportions  of 
each  bone  and  mineral  in  the  manure  he  purchases;  also  the  source 
of  the  ammonia;  and  this  will  enable  him  to  find  out  their  relative 
manurial  values,  which  will  ultimately  tend  to  mutual  advantage. 
If  this  advice  won't  be  put  into  practice,  the  fiEU*mer  in  the  mean- 
time cannot  better  himself.  There  are  only  two  other  remedies  for 
the  evil;  the  one  would  be  a  sad  reflection  upon  our  character  as 
honest  men — namely,  to  apply  to  Government  to  do  as  they  did  with 
the  mixing  of  chicory  and  coffee.  The  second  remedy  is,  to  convert 
all  the  manure-manufacturers  to  Christianity!  When  that  takes 
place,  there  will  be  a  harmony  between  the  chemist,  farmer,  and 
manure-maker  that  does  not  exist  at  present. 

Dr.  Wallace  remarked  that  Mr.  Napier's  paper  might  be 
divided  into  two  parts,  the  chemical  and  the  commercial.  As 
regards  the  purely  chemical  part  of  the  paper,  he  complimented  Mr. 
Napier  in  having  given  an  excellent  resum6  of  the  principal  £bu^ 
connected  with  the  chemistry  of  agriculture.  He  could  not  see 
any  difference  in  value  between  "  biphosphate "  of  lime,  whether 
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made  from  bones,  bone-ash,  or  mineral  phosphates,  although,  no 
doubt,  the  prices  of  the  raw  material  were  very  different;  but  ho 
considered  that  insoluble  mineral  phosphates  were  of  little  value 
to  the  farmer.  The  commercial  part  of  Mr.  Napier's  paper  related 
to  analytical  chemists  and  their  fees,  and  he  could  only  say  that  he 
cordially  indorsed  the  views  set  forth  in  the  paper.  Cheap  analyses, 
like  other  cheap  commodities,  were  generally  of  little  value.  Men 
in  all  ranks  of  life  must  be  adequately  remunerated  for  their  labour, 
and  bargain-hunters  were  rightly  served  if  they  got  reports  which, 
instead  of  being  useful  to  them,  only  led  them  astray. 

Mr.  Tatlock  said  he  believed  the  discrepancies  between  the 
results  obtained  by  different  chemists  were  due,  in  a  great  measure, 
to  the  incompetency  of  amateur  analysts,  whose  analyses  were  fre- 
quently, but  very  improperly,  compared  with  those  of  professional 
men  of  long  standing.  He  believed  that  many  merchants  and  fietr- 
mers  were  under  a  misapprehension  regarding  the  nature  of  chemi- 
cal analysis,  supposing  that  the  processes  were  easily  acquired,  where- 
as much  skill  and  experience  were  usually  necessary  to  ensure 
accuracy.  He  did  not  consider  it  possible,  by  chemical  means,  to 
determine  absolutely,  in  all  cases,  whether  any  particular  sample  of 
manure  was  made  partly  or  entirely  from  mineral  phosphates,  and 
thought  chemists  should  not  offer  any  opinion  on  this  point.  Mr. 
Napier  had  very  properly  represented  that  one  cause  of  inaccuracies 
was  the  inadequate  fees  that  were  usually  paid  for  analyses  which 
represented  much  labour,  time,  and  skill,  and  had  justly  deprecated 
cheap  chemistry  generally. 


IV. — On  a  Wind-direction  Rain-gcmge.     By  Mr.  James  R.  Napier, 

F.xv.S. 


Read  before  the  Society,  November  30,  1870. 


About  thirty  years  ago,  the  writer  made  a  simple  apparatus  for 
discovering  the  amount  of  rain-fall,  with  the  direction  from  which 
it  came.  It  was  rudely  made,  and  ordinarily  useful.  It  shewed 
that  if  a  more  delicate  apparatus  were  wanted,  it  could  be  produced 
at  little  cost.  Very  recently  this  has  been  desired,  and  a  gauge  on 
the  same  principle  erected  at  Shandon,  on  the  Gareloch. 


T  West  Shandon.Gareloch. 
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In  meteorological  observations,  the  amount  of  rain-fall,  and  direc- 
tion of  the  wind,  with  other  information,  is  arrived  at  by  means  of 
expensive  self-recording  apparatus,  not  always  trustworthy  as  to  the 
wind's  direction ;  and  where  private  registers  of  rain-fall  are  kept,  the 
direction  of  the  wind  during  rain  is  not  known  with  any  certainty, 
except  when  raining  at  the  time  of  making  the  observation. 

The  principle  of  the  Shandon  gauge  consists  essentially  in  sup- 
porting a  vessel,  like  the  first  receiver  of  an  ordinary  gauge,  on  a 
pivot,  so  that  it  may  be  turned  with  the  least  wind,  and  having  a 
spout  attached  to  it,  leading  the  rain  into  vessels  in  fixed  directions 
surrounding  the  receiver,  so  that  if  it  rains,  for  example,  when  the 
wind  is  between  N.N.W.  and  N.N.E.,  the  north  vessel  receives  it, 
or  when  between  N.N.E.  and  E.N.E.,  the  north-east  vessel  receives 
it,  &c. ;  for  there  are  eight  vessels  which  shew  the  amount  of  rain 
and  direction  of  the  wind  at  the  time. 

As  it  was  essential  that  it  should  turn  with  the  least  wind,  the 
windmill  system  recommended  by  the  Eoyal  Society,  and  adopted 
at  Kew,  Glasgow,  and  other  observatories,  in  their  anemometers  for 
its  steadiness,  was  not  adopted  here,  but  the  ordinary  wind-vane, 
and  a  freely-suspended  balance-weight,  to  act  by  its  centrifugal 
force  on  a  fixed  ring  in  controlling  the  angular  motions;  for  it  was 
found  on  more  than  one  occasion  that  these  windmills  were  too 
steady, — the  Glasgow  one  at  least  remaining  unmoved  in  a  direction 
at  right  angles  to  wind  blowing  at  the  time  at  the  rate  of  fully  four 
miles  an  hour. 

The  gauge  has  been  very  carefully  made  and  balanced,  so  that  its 
centre  of  gravity  lies  in  the  axis,  and  a  little  below  the  pivot,  and 
its  centre  of  figure  or  projection,  approximately  at  the  same  place,  in 
the  expectation  that  with  these  positions  there  would  be  the  least 
friction,  and  therefore  the  greatest  delicacy. 

The  writer  was  not  aware,  till  he  had  nearly  finished  his  apparatus, 
that  a  small  gauge  of  about  5  inches  diameter  had  been  proved  to 
be  nearly  as  accurate  as  one  of  5  or  more  feet,  otherwise  he  would 
have  made  the  Shandon  one  smaller.  As  it  is,  it  has  a  square  foot 
of  area.  The  moving  parts  weigh  about  13  lbs.,  and  when  fitted 
in  a  closed  room,  20  grains  acting  on  the  circum£Brence  of  a  drum 
83th  inches  diameter  turned  it;  or,  taking  the  ordinary  formula  for 
velocity  and  pressure,  with  the  area  of  the  vane  and  its  moment, 
into  account,  a  velocity  of  wind  of  about  one  mile  an  hour  at  right 
angles  to  the  vane  would  move  it.  The  instrument  is  portable,  was' 
designed  to  rest  on  or  near  the  ground ;  but  when  bo  placed  at  Gareloch 
its  indications  were  unreliable,  owing  to  the  interference  of  house, 
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The  fignre  in  the  accompaiijdng  print  givesa  aecdon  c^the  Shandon 
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V. — On  the  Attractions  and  Repulsions  dtie  to  Vibration,  observed  by 
Guthrie  and  ScheUbacJu  By  Professor  Sir  William  Thomson, 
LL.D.,  F.R.S. 


Bead  before  the  Society,  December  14,  1870. 


Professor  Sir  William  Thomson  began  by  stating  that  some 
very  interesting  papers  had  recently  appeared  in  the  Proceedings 
of  the  Boyal  Society  and  the  Philosophical  Magaainey  by  Professor 
Guthrie,   in  which    some   very  curious  hydrokinetic   phenomena 
were   described.      From  hints  and   suggestions   in   his   paper,  it 
seems  certain  that  Mr.  Guthrie  connected  in  his  own  mind  these 
phenomena  with  possibilities  of  explaining  some  of  the  more  recon- 
dite  actions  in  nature;  and  he  (Sir  William  Thomson)  believed  that 
what  gave  the  great  charm  to  these  inyestigations  for  Mr.  Guthrie 
himself,  and  no  doubt  also  for  many  of  those  who  heard  his  ex- 
positions and  saw  his  experiments,  was,  that  the  results  belong  to 
a  class  of  phenomena  to  which  we  may  hopefully  look  for  dis- 
covering the  mechanism  of  magnetic  force,  and  possibly  also  the 
mechanism  by  which  the  forces  of  electricity  and  of  gravity  are 
transmitted.     The  lecturer,  however,  did  not  lay  any  stress  at  pre- 
sent upon  the  possibility  of  applying  these  results  directly  to  explain 
magnetism.     He  believed,  on  the  contrary,  that  the  true  kinetic 
theory  of  magnetism  (and  the  ultimate  theory  of  magnetism  is 
undoubtedly  kinetic)  involves  quite  a  different  class  of  motions  from 
this,  to  which  the  beautiful  phenomena  discovered  by  Mr.  Guthrie 
are  due.     He  rather  wished  to  point  out  the  close  connection  that 
existed  between  the  laws  of  some  of  these  actions  and  the  laws  of 
magnetism,  which,  while  involving  some  remarkable  coincidences, 
involves  certain  contrasts  decisive  against  any  hypothesis,  such  as 
the  ingenious  one  of  Euler,  explaining  magnetism  by  fluid  motion, 
directly    comparable   with  that  which   forms  the  subject  of  the 
present  communication.     One  of  the  most  brilliant  steps  made  in 
philosophical  exposition  of  which  any  instance  existed  in  the  his- 
tory of  science,  was  that  in  which  Faraday  stated,  in  three  or  four 
words,  intensely  full  of  meaning,  the  law  of  the  magnetic  attrac- 
tion or  repulsion  experienced  by  inductively  magnetized  bodies. 
He  pointed  out  that  a  small  globe  or  cube  of  soft  iron  tended 
in  a  certain  direction  when  free  to  move  in  the  magnetic  field; 
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while  small  detached  fragments  of  inductively  magnetized  substances, 
to  which  he  gave  the  name  of  dia-magnetic,  tended  in  the  contrary 
direction ;  and  that  the  precise  specification  of  the  direction  in 
•which  the  iron  tended  was  from  places  of  weaker  to  places  of 
stronger  force.  By  means  of  diagrams^  the  lecturer  then  shewed 
the  action  of  magnets  upon  small  pieces  of  soft  iron  in  various 
positions,  in  the  several  cases  in  which  the  magnetic  force  is  due  to 
a  bar  magnet,  a  horse-shoe  magnet,  and  two  bar  magnets  placed  side 
by  side  with  their  similar  poles  in  the  same  direction.  A  diagram- 
matic illustration  of  ^^  the  lines  of  magnetic  force,*'  in  the  case  of  a 
bar  magnet,  was  also  given.  In  the  case  of  the  horse-shoe  magnet, 
it  was  pointed  out  that  the  small  globe  of  soft  iron  would  have  a 
position  of  stable  equilibrium  at  the  line  joining  the  poles,  if  firee  to 
move  in  the  horizontal  line  bisecting  at  right  angles  the  line  joining 
the  poles ;  this  stable  position  being  the  point  of  greatest  force.  The 
attraction  experienced  would  be  towards  this  point;  so  that  if  the 
globe  were  placed  inside  this  point — ^that  is  to  say,  nearer  the  bend 
of  the  magnet — it  would  seem  to  be  repelled  on  the  whole  by  the 
mass  of  steel  while  moving  towards  the  place  of  strongest  force.  In 
the  case  of  two  magnets  placed  side  by  side  with  their  similar  poles 
in  the  same  direction,  it  was  pointed  out  that,  for  each  pair  of  similar 
poles,  there  is  a  zero,  or  place  of  no  force,  midway  between  the  two 
bars,  and  nearly  in  the  line  joining  the  ends.  A  globe  of  soft  iron 
movable  midway  between  the  two  bars  is  repelled,  as  it  were, 
from  each  of  the  points  of  zero  force,  and  finds  a  position  of 
maximum  force,  which  is  one  of  stable  equilibrium,  on  either  side 
of  either  of  the  zeros.  Faraday's  law  shewed  that  the  soft  iron  was 
attracted  from  places  of  weaker  to  places  of  stronger  force,  quite 
irresi>ectively  of  the  directions  of  the  lines  of  force.  He  thus 
summed  up  a  great  variety  of  very  curious  and  puzzling  phenomena 
in  one  sentence. 

This  expression  is  perfectly  applicable  to  small  bodies  moving 
through  a  moving  fluid ;  with  the  substitution  of  "  stream  lines," 
instead  of  Faraday's  "  lines  of  magnetic  force,"  and  "  greater  or 
smaller  fluid  velocity,"  instead  of  "  stronger  or  weaker  magnetic 
force." 

Mathematicians  were  content  to  investigate  the  general  expression 
of  the  resultant  force  experienced  by  a  globe  of  soft  iron  in  all  such 
cases ;  but  Faraday,  without  mathematics,  divined  the  result  of  the 
mathematical  investigation ;  and,  what  has  proved  of  infinite  value 
to  the  mathematicians  themselves,  he  has  given  them  an  articulate 
language  in  which  to  express  their  results.     Indeed,  the  whole 
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language  of  the  magnetic  field  and  "  lines  of  force "  is  Faraday's. 
It  must  be  said  for  the  mathematicians  that  they  greedily  accepted 
it,  and  have  ever  since  been  most  zealous  in  using  it  to  the  best 
advantage. 

Suppose  a  tube  sunk  in  a  perfect  fluid,  and  the  fluid  made  by 
some  means  to  enter  the  one  end  and  flow  out  by  the  other,  the 
particles  of  it  would  follow  the  lines  of  magnetic  force.  The 
magnetic  field  of  force  in  the  neighbourhood  of  a  bar  magnet 
corresponded  exactly  with  the  straight  tube  taking  water  in  at  one 
end  and  discharging  it  at  the  other.  If  two  such  tubes  were 
presented  with  like  ends  to  each  other,  they  attracted,  but  with  un- 
like ends,  they  repelled, — thus  acting  diflerently  from  two  magnets 
placed  in  similar  relative  positions.  But,  except  in  being  precisely 
opposite  in  direction,  the  resultant  action  between  the  supposed 
tubes  and  that  between  two  bar  magnets  follows  rigorously  the" 
same  law,  both  as  to  magnitude  and  as  to  line  of  action.  This 
conclusion,  and  some  others,  containing  the  explanation  of  most  of 
the  experiments  now  to  be  shewn  to  the  Society,  had  been  worked 
out  mathematically  by  the  lecturer,  and  communicated  by  him  to 
the  Royal  Society  of  Edinburgh.* 

It  had  been  found  by  Faraday  that  the  lines  of  magnetic  force 
were  diverted  outwards  from  itself  by  a  dia-magnetic  body  being 
placed  in  the  field.  If  a  body  existed  of  completely  dia-magnetic 
inductive  capacity,  the  lines  of  magnetic  force  would  pass  altogether 
round  it,  and  none  of  them  through  it.  This  is  precisely  the 
phenomenon,  with  reference  to  stream  lines,  which  is  met  with  in 
the  hydro-kinetic  analogue.  Sir  William  then  drew  attention  to 
some  small  egg  shells  which  were  suspended  so  as  to  move  freely, 
each  in  a  horizontal  circle.  By  slightly  waving  the  hand  in  front 
of  the  eggs  they  were  attracted,  and  the  dame  phenomenon  was 
produced  by  holding  in  their  neighbourhood  a  vibrating  tuning- 
fork.  This  corresponded  to  the  behaviour  of  a  dia-magnetic  in 
the  magnetic  field,  only  that  the  direction  of  the  motion  was 
opposite.  By  means  of  a  very  delicate  anemometer  it  was  shewn 
that  the  phenomena  were  altogether  independent  of  currents  of  air. 
The  lecturer  shewed  that  in  whatever  [)osition,  with  one  exception, 
the  fork  was  held,  the  attraction  was  produced.  The  magnetic 
analogue  to  this  fork  would  be  a  non-magnetic  frame  substituted 
for  the  tuning-fork,  and  bearing  two  small  magnets  laid  across  the 
ends,  with  similar  poles  pointing  towards  each  other.  In  this  case 
there  would  be  a  zero  point  in  the  middle,  between  the  near  poles. 

•  Proceedings^  Royal  Society,  Edinburgh,  February,  1870. 


44>4  PkJ^^yphlcal  Sxiety  rf  Glujfm. 

Tlie  laune  is  true  of  the  fiaid  Telocitr  in  the  case  of  the  tnning-fork. 
It  would  repel  the  aiu^pended  eggs  from  the  zero  pomt;  hot  the  ex- 
yenment  wad  one  of  too  great  delicacy  for  a  lectore-room.     Some 
rerj  interesting  experiments  apon  flames  had  been  made  hj  Mr. 
Tatlock,  his  assistant,  which  the  lecturer  had  mudi  pleasure  in  shew* 
ing  to  the  Society.     A  vibrating  fork  was  supported  h<»izontaIlj, 
and  the  flame  of  a  candle  brought  near  the  vibrating  ends.     All 
that  part  of  the  flame  on  a  lerel  with  the  £[>rk  was  repelled,  and 
bent  down  in  the  opposite  direction,  as  if  b j  a  current  of  air.     On 
the  vibration  being  stopped,  the  flame  at  once  assumed  its  upright 
form.     A  tall  flame,  obtained  6nom  ordinary  coal  gas^  was  next 
brought  into  proximity  to  the  vibrating  foii^  when  the  middle  part 
of  the  flame  was  drawn  out  towards  the  fork,  the  upper  and  lower 
parts  being  repelled.     In  concluding,   Sir  William   Thomscm   re- 
marked, that  it  would  be  very  wrong  if  he  were  to  say  that  these 
experiments  on  the    hydro-kinetic  analogue  contained    a    direct 
opening  up  of  the  question  of  the  mechanism  of  magnetic  forces. 
They  did  not  go  any  way  towards  explaining  magnetic  forces  j  but 
it  was  impossible  to  look  upon   them  without  feeling  that  they 
suggested  the  possibility  of  some  very  simple  dynamical  explanation. 

The  President,  in  proposing  a  vote  of  thanks  to  Sir  Williaui 
Thomson,  said  that  Sir  William  had  always  kept  them  up  to  the 
latest  results  of  the  researches  in  which  he  was  engaged;  and  he  was 
sure  they  would  join  with  him  in  the  hope  that  some  of  the  remain- 
ing experiments  on  this  subject  would  be  brought  before  them 
by  Sir  William  later  in  the  session. 


VI. — On  ths  Question  as  between  Sir  Roderick  L  Mwrehiion  cmd 
Professor  James  Nicol  in  regard  to  the  Age  of  the  Bocks  of  this 
CerUral  HighUmds,     By  James  Bbyce,  M.A,,  LL.D.,  F.G.S., 

President. 


Bead  before  the  Society,  January  11, 1871. 


(The  publication  of  this  paper  is  postponed.) 
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VII. — Observations  of  the  Becent  Eclipse  of  the  Sun  in  Spain,  By 
Alexander  S.  Herschel,  B.A.,  Professor  of  Natural  Philo- 
sophy in  the  Andersonian  University,  Glasgow. 


Read  before  the  Society,  January  25,  1871. 


Although  the  nature  of  the  red  prominences  seen  round  the  sun's 
limb  was  most  satisfactorily  investigated  in  the  solar  eclipses  of  the 
years  1868  and  1869;  and  their  connection  with  the  sun,  completely 
established  by  Mr.  Warren  Delarue's  photographs  of  the  eclipse 
in  Spain  in  1860,  might  be  regarded  as  fairly  proved  by  observa- 
tions of  those  which  occurred  in  1851  and  1858,  the  corona  remained 
a  comparatively  neglected  phenomenon,  until  the  contradictory  ob- 
servations to  which  it  has  given  rise,  especially  in  the  two  previous 
eclipses,  determined  observers  to  submit  it  to  the  test  of  a  severe 
cross-examination  in  the  total  eclipse  of  the  sun  which  occurred  last 
month.  The  observing  parties  were  directed  for  this  purpose  to 
make  unassisted,  as  well  as  telescopic  sketches  of  its  appearance,  and 
to  examine  its  light  with  the  polariscope  and  spectroscope,  assigning 
a  separate  duty  to  each  observer,  and  locating  as  many  parties  as 
their  numbers  in  the  expeditions  would  permit,  at  various  points  on 
the  path  of  the  moon's  shadow,  so  that  as  different  terrestrial  condi* 
tions  as  possible  might  be  allowed  to  have  their  full  share  in  modi- 
fying the  results.  Photographic  means  were  also  successfully 
employed,  by  means  of  long  exposures,  to  record  the  extent  and 
outline  of  the  corona.  Although  cirrhus  clouds  unfortunately  veiled 
its  features  to  a  great  extent,  and  dense  clouds  completely  foiled  the 
preparations  of  a  few  of  the  parties  in  Spain,  the  following  short 
account  of  their  observations  will  shew  that  the  careful  preparation 
and  skilful  subdivision  of  their  operations  was  not  entirely  thrown 
away : — 

Of  the  four  expeditions  sent  by  the  British  Government  to  observe 
the  eclipse,  the  two  first,  embarked  upon  the  ''Urgent,"  were  directed 
to  Cadiz  and  Gibraltar,  in  Spain,  and  a  third  to  Oran,  on  the  coast  of 
Algeria.  A  few  observers  who  joined  the  parties  to  the  former 
points  took  their  passage  to  Spain  in  the  P.  &  O.  steamer  "  Pera," 
from  Southampton.  A  rougher  passage  than  that  of  this  steamer  to 
Alexandria,  in  which  one  of  her  engines  gave  way,  had  not,  it  was 
said  by  her  officers,  been  encountered  for  thirteen  years  before* 
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Some  members  of  the  expedition  to  Gibraltar,  on  board  of  the 
"  Urgent,"  were  also  induced  bj  the  stormy  passage  to  end  their 
journey  at  Cadiz.  Mr.  Perry's  party  at  the  latter  place  was  accord- 
ingly somewhat  increased;  and  Mr.  Ladd,  and  Captain  Maclear,R.N., 
afforded  him  their  assistance. 

The  disposal  of  his  forces  was  as  follows  : — Messrs.  Moulton  and 
Baines  were  stationed  at  San  Lucar,  the  most  western  point  in  Spain 
of  the  line  of  central  shadow,  to  observe  the  polarization  of  the 
corona ;  a  point  about  twelve  miles  from  San  Antonio,  the  head- 
quarters of  this  expedition  near  Puerta  Santa  Maria,  on  the  oppo- 
site side  of  the  bay  from  Cadiz.     No  account  of  the  proceedings  of 
this  party  was  received  by  Mr.  Perry  in  time  to  include  it  in  his 
report.     At  San  Antonio  Mr.  Perry  used  a  powerful  spectroscope  of 
three  prisms,  which  the  cirrhus  clouds  unfortunately  prevented  from 
shewing  the  bright  lines  of  the  corona,  so  that  no  measurements  of 
their    |)08itions    could   be   made   at   this    station.       But   a   4- inch 
equatorial  from  the  Stonyhurst  College  was  erected  at  San  Antonio, 
and  was  fitted  for  the  occasion,  by  Mr.  Ladd,  with  a  small  Brown- 
ing's direct- vision  pocket-spectroscope,  and  it  was  used  by  Captain 
Maclear  during  the  eclipse,  according  to  the  programme  arranged 
for  his  observations  beforehand.     The  broadest  part  of  the  crescent 
was  kept  across  the  slit  of  the  spectroscope  until  the  sun  disappeared, 
when  the  ordinary  solar  spectrum  gave  place  to  a  fsiint  diffused  light, 
and  bright  bands  about  c,  D,  ft,  and  F,  broke  out,  occupying  the  full 
length  of  the  slit.     The  position  of  the  bright  band  near  h  might 
possibly  be  nearer  to  e,  while  that  of  the  lines  near  F  and  D  was 
pretty  certain.     The  slit  was  then  moved  to  a  point  8'  in  front  of 
the  advancing  limb  of  the  moon,  where  no  bright  streamer  of  the 
corona  was  visible  in  the  tinder;  and  the  same  lines  were  visible, 
and  very  bright.     It  was  then  brought  on  the  centre  of  the  moon's 
disc,  where  the  same  lines  were  seen,  but  of  only  half  their  former 
intensity.     The  position  of  the  slit  was  verified  by  the  finder,  and 
afterwards  moved  to  8'  from  the  moon's  limb,  on  its  receding  side. 
Here  bright  lines  near  c,  D,  e,  6,  and  F,  were  recorded,  and  the  slit  was 
at  once  directed  to  the  receding  limb  of  the  moon,  which  was  just 
beginning  to  brighten.     Two  additional  green,  and  one  very  bright 
blue  line  burst  forth,  while  one  of  the  lines  at  E  or  6  may  have  dis- 
appeared;* but  the  attention  directed  to  estin^ating  the  position  of 
the  new  lines,  while  so  many  bright  lines  were  in  the  field  of  view, 
makes  the  latter  observation  somewhat   doubtful.     As  the   limb 

*  If  it  was  the  well-known  green  coronal  line  which  disappearedj.it  must,  appar- 
enUy,  have  been  less  bright  in  the  immediate  proximity  of  the  sun,  (A.  S.  H.) 


Mr.  a.  S.  Herschel  on  the  Recent  Eclipse  of  the  Sun  in  Spain,  407 

brightened,  the  lines  between  d  and  f  diminished  to  half  their  length; 
and  as  the  sun*s  light  broke  in,  all  disappeared,  and  were  replaced 
by  the  ordinary  solar  spectrum.  The  two  green  lines  which  appeared 
on  the  following  limb  were  near  e,  and  the  blue  line  was  decidedly 
between  F  and  o. 

The  bright  lines  seen  on  the  moon's  disc  must  have  been  pro- 
duced by  the  diffusive  power  of  the  cirrhus  clouds ;  but  it  is  at  least 
not  improbable  that  these,  and  the  bright  lines  seen  on  the  corona, 
derived  their  brilliancy  from  its  light,  as  much  as  from  the  light  cast 
by  the  solar  prominences.  Mr.  Ladd  remarked  that  polarization 
was  stronger  on  the  corona  than  either  on  the  moon's  surface  or  on 
the  cloudy  sky. 

As  the  solar  crescent  decreased,  its  cusps  appeared  to  be  alter- 
nately drawn  out  and  blunted ;  Baily's  beads  were  formed,  and  the 
corona  burst  forth  more  than  twenty  seconds  before  totality.  The 
prominences  were  numerous,  but  none  apparently  very  remarkable. 
Mr.  Browne,  who  made  these  telescopic  observations,  regarded  their 
colour  as  a  bright  yellowish-red  tint.  The  corona  he  considers  to  have 
been  perfectly  free  from  striation,  of  distinct  outline,  and  approxi- 
mately quadrilateral,  extending  farthest  in  the  direction  of  first 
contact.  Its  brightest  part  appeared  to  the  naked  eye  to  be  scarcely 
more  than  one-tenth,  fading  rapidly  when  one-fifth,  but  being  still 
clearly  visible  at  seven-eighths  of  the  sun's  diameter  from  the  moon's 
edge.  Some  unassisted  observers  saw  two  curved  rays ;  but  the 
general  appearance  was  that  of  a  diffuse  light,  interrupted  in  four 
places  distinctly,  and  in  a  fifth  faintly,  by  dark  intervals.  It  was 
white,  and  was  rendered  faint  by  the  clouds.  Totality  ended  by 
the  formation  of  Baily's  beads,  and  the  corona  was  visible  to  the 
naked  eye  for  fifteen  or  sixteen  seconds  afterwards. 

Near  Xeres,  five  miles  eastward  from  San  Antonio,  the  observers, 
Messrs.  Naftel,  Abbay,  and  Penrose,  of  Mr.  Perry's  party,  were  sta 
tioned  very  near  the  post  occupied  by  the  American  expedition 
under  Professor  Winlock.  An  eye-sketch  of  the  corona,  and  of  the 
general  appearance  of  the  scene  during  the  eclipse,  a  copy  of  which 
is  figured  in  the  Graphic  of  January  21st,  1871,  was  here  taken  by 
Mr.  Naftel ;  while  Mr.  Penrose  sketched  the  corona  as  seen  through 
a  telescope.  Mr.  Abbay  was  provided  with  a  two-prism  spectro- 
scope belonging  to  Professor  Young.  With  this  instrument  he 
noted  the  bright  lines  c,  D,  F,  and  afterward  F,  and  a  line  rather  more 
bright  than  F,  at  some  distance  on  the  less  refrangible  side  of  B,*  c, 

*  Mr.  Lockyer  supposes  that  this  must  be  a  misprint  of  B  for  h.    The  descrip- 
tion then  exactly  corresponds  to  the  spectrum  of  "  subiiicandescent  '*  hydrogen 
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In  meteorological  observations,  the  amount  of  rain-fall,  and  direc- 
tion of  the  wind,  with  other  information,  is  arrived  at  by  means  of 
expensive  self-recording  apparatus,  not  always  trustworthy  as  to  the 
wind's  direction ;  and  where  private  registers  of  rain-fall  are  kept,  the 
direction  of  the  wind  during  rain  is  not  known  with  any  certainty, 
except  when  raining  at  the  time  of  making  the  observation. 

The  principle  of  the  Shandon  gauge  consists  essentially  in  sup- 
porting  a  vessel,  like  the  first  receiver  of  an  ordinary  gauge,  on  a 
pivot,  so  that  it  may  be  turned  with  the  least  wind,  and  having  a 
spout  attached  to  it,  leading  the  rain  into  vessels  in  fixed  directions 
surrounding  the  receiver,  so  that  if  it  rains,  for  example,  whea  the 
wind  is  between  N.N.W.  and  N.N.E.,  the  north  vessel  receives  it, 
or  when  between  N.N.E.  and  E.N.E.,  the  north-east  vessel  receives 
it,  &c. ;  for  there  are  eight  vessels  which  shew  the  amount  of  rain 
and  direction  of  the  wind  at  the  time. 

As  it  was  essential  that  it  should  turn  with  the  least  wind,  the 
windmill  system  recommended  by  the  Boyal  Society,  and  adopted 
at  Kew,  Glasgow,  and  other  observatories,  in  their  anemometers  for 
its  steadiness,  was  not  adopted  here,  but  the  ordinary  wind-vane, 
and  a  freely-suspended  balance-weight,  to  act  by  its  centrifugal 
force  on  a  fixed  ring  in  controlling  the  angular  motions;  for  it  was 
found  on  more  than  one  occasion  that  these  windmills  were  too 
steady, — the  Glasgow  one  at  least  remaining  unmoved  in  a  direction 
at  right  angles  to  wind  blowing  at  the  time  at  the  rate  of  fully  four 
miles  an  hour. 

The  gauge  has  been  very  carefully  made  and  balanced,  so  that  its 
centre  of  gravity  lies  in  the  axis,  and  a  little  below  the  pivot,  and 
its  centre  of  figure  or  j)rojection,  approximately  at  the  same  place,  in 
the  expectation  that  with  these  positions  there  would  be  the  least 
friction,  and  therefore  the  greatest  delicacy. 

The  writer  was  not  aware,  till  he  had  nearly  finished  his  apparatus, 
that  a  small  gauge  of  about  5  inches  diameter  had  been  proved  to 
be  nearly  as  accurate  as  one  of  5  or  more  feet,  otherwise  he  would 
have  made  the  Shandon  one  smaller.  As  it  is,  it  has  a  square  foot 
of  area.  The  moving  parts  weigh  about  13  lbs.,  and  when  fi.tted 
in  a  closed  room,  20  grains  acting  on  the  circumference  of  a  drum 
Sfth  inches  diameter  turned  it;  or,  taking  the  ordinary  formula  for 
velocity  and  pressure,  with  the  area  of  the  vane  and  its  moment, 
into  account,  a  velocity  of  wind  of  about  one  mile  an  hour  at  right 
angles  to  the  vane  would  move  it.  The  instrument  is  portable,  was 
designed  to  rest  on  or  near  the  ground;  but  when  so  placed  at  Gareloch 
its  indications  were  unreliable,  owing  to  the  interference  of  house, 
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trees,  kc  It  now  rests  on  the  top  of  a  retaining  wall,  at  about  20 
feet  from  the  ground  on  one  side,  and  6  feet  on  the  other,  with  the 
side  of  the  house  about  60  feet  from  it  on  one  side,  and  the  Gareloch 
about  the  same  distance  off  it  on  the  other.  It  is  fr^e  to  the  wind 
for  at  least  sixteen  points.  It  moves  in  the  direction  of  a  suspended 
silk  thread,  with  a  wind  all  but  imperceptible,  and  the  direction  of 
which  cannot  be  inferred  by  the  senses  within  four  or  five  points.  As 
far  as  it  has  been  observed  with  wind  at  about  twenty  miles  an  hour, 
the  angular  motion  is  sensibly  controlled  by  the  suspended  weight; 
but  its  amount  has  not  been  determined  by  direct  experiment.  The 
foundation  or  sole-plate  of  the  apparatus  was  made  a  tub,  with  the 
intention  of  containing  water,  to  diminish  the  heating  and  consequent 
evaporation  in  the  receiving  vessels,  in  each  of  which,  for  the  same 
object,  there  was  to  have  been  a  float,  but  neither  has  yet  been 
carried  out. 

A  temporary  measuring  vessel,  which  appears  to  answer  as  well  as 
the  usual  graduated  glass  jars,  may  be  described.  It  is  a  tinned  iron 
cylinder,  about  -j^th  of  the  diameter  of  the  gauge,  and  about  10 
inches  long,  or  such  length  as  to  contain  exactly  -nr^  inf^  of  rain. 

A  piston  or  cylinder  of  wood,  of  a  little  less  diameter  than  the 
cylinder,  and  of  the  same  length,  and  divided  into  ten  equal  parts  by 
grooves,  completed  the  apparatus.  Every  fill  of  the  vessel  is  of 
course  yx^th  of  an  inch.  When  partially  filled,  and  the  piston 
inserted,  it  &lls  rapidly  till  it  touches  the  water,  when  its  velocity 
is  so  greatly  reduced  that  the  position  of  the  water  \afeUy  and  shewn 
by  the  length  of  wooden  piston  visible  above  the  top  of  cylinder,  to 
about  the  fifth  of  a  division,  or  j^th  of  an  inch  lof  rain. 

Note  received  10th  February, 

The  following  are  the  records  of  rain-fall  at  West  Shandon,  as 
shewn  by  the  gauge  there: — 

K.     K.E.      E.      8.K.       8.      S.W.      W.   K.W.      toiSSL 

Prom  3d  to  10th  December,  -04  -04  -40  -05  -03  -66 

Prom  10th  to  17th  December,  -06  '20  -78  -22  -02  10  1*37 

Prom  17th  Dec.  to  7th  Jan.,  39  '40  -60  80  -66    -20    -22  "20  8-37 

Prom  7th  Jan.  to  4th  Feb,  14  10  -54  -30  '55     -27     -09  -07  2*06 

The  figure  in  the  accompanying  print  gives  a  section  of  the  Shandon 
gauge. 
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Y. — On  the  Attractions  and  RepuUiona  due  to  VibrcUion^  observed  by 
Guthrie  and  ScheUbacL  By  Professor  Sir  William  Thomson, 
XjIJ.D.y  F.xv.S. 


Bead  before  the  Society,  Deoember  14^  1870. 


Professor  Sir  William  Thomson  began  by  stating  that  some 
very  interesting  papers  bad  recently  appeared  in  the  Proceedings 
of  the  Royil  Society  and  the  Philosophical  Magazine,  by  Professor 
Guthrie,   in  which    some   very  curious  hydrokinetic   phenomena 
were   described.      From  hints  and   suggestions   in   his   paper,  it 
seems  certain  that  Mr.  Guthrie  connected  in  his  own  mind  these 
phenomena  with  possibilities  of  explaining  some  of  the  more  recon- 
dite actions  in  nature;  and  he  (Sir  William  Thomson)  believed  tbat 
what  gave  the  great  charm  to  these  investigations  for  Mr.  Guthrie 
himself,  and  no  doubt  also  for  many  of  those  who  heard  lus  ex- 
positions and  saw  his  experiments,  was,  that  the  results  belong  to 
a  class  of  phenomena  to  which  we  may  hopefully  look  for  dis- 
covering the  mechanism  of  magnetic  force,  and  possibly  also  the 
mechanism  by  which  the  forces  of  electricity  and  of  gravity  are 
transmitted.     The  lecturer,  however,  did  not  lay  any  stress  at  pre- 
sent upon  the  possibility  of  applying  these  results  directly  to  explain 
magnetism.     He  believed,  on  the  contrary,  that  the  true  kinetic 
theory  of  magnetism  (and  the  ultimate  theory  of  magnetism  is 
undoubtedly  kinetic)  involves  quite  a  different  class  of  motions  from 
this,  to  which  the  beautiful  phenomena  discovered  by  Mr.  Guthrie 
are  due.     He  rather  wished  to  point  out  the  close  connection  that 
existed  between  the  laws  of  some  of  these  actions  and  the  laws  of 
magnetism,  which,  while  involving  some  remarkable  coincidences, 
involves  certain  contrasts  decisive  against  any  hypothesis,  such  as 
the  ingenious  one  of  Euler,  explaining  magnetism  by  fluid  motion, 
directly    comparable   with  that  which   forms  the  subject  of  the 
present  communication.     One  of  the  most  brilliant  steps  made  in 
philosophical  exposition  of  which  any  instance  existed  in  the  his- 
tory of  science,  was  that  in  which  Faraday  stated,  in  three  or  four 
words,  intensely  full  of  meaning,  the  law  of  the  magnetic  attrac- 
tion or  repulsion  experienced  by  inductively  magneti2ed  bodies. 
He  pointed  out  that  a  small  globe  or  cube  of  soft  iron  tended 
in  a  certain  direction  when  firee  to  move  in  the  ma^etio  field; 
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-while  small  detached  fragments  of  inductively  magnetized  substances, 
to  which  he  gave  the  name  of  dia-magnetic,  tended  in  the  contrary 
direction ;  and  that  the  precise  specification  of  the  direction  in 
which  the  iron  tended  was  from  places  of  weaker  to  places  of 
stronger  force.  By  means  of  diagrams,  the  lecturer  then  shewed 
the  action  of  magnets  upon  small  pieces  of  soft  iron  in  various 
positions,  in  the  several  cases  in  which  the  magnetic  force  is  due  to 
a  bar  magnet,  a  horse-shoe  magnet,  and  two  bar  magnets  placed  side 
by  side  with  their  similar  poles  in  the  same  direction.  A  diagram- 
matic illustration  of  *'  the  lines  of  magnetic  force,"  in  the  case  of  a 
bar  magnet,  was  also  given.  In  the  case  of  the  horse-shoe  magnet, 
it  was  pointed  out  that  the  small  globe  of  soft  iron  would  have  a 
position  of  stable  equilibrium  at  the  line  joining  the  poles,  if  free  to 
move  in  the  horizontal  line  bisecting  at  right  angles  the  line  joining 
the  poles ;  this  stable  position  being  the  point  of  greatest  force.  The 
attraction  experienced  would  be  towards  this  point;  so  that  if  the 
globe  were  placed  inside  this  point — ^that  is  to  say,  nearer  the  bend 
of  the  magnet — it  would  seem  to  be  repelled  on  the  whole  by  the 
mass  of  steel  while  moving  towards  the  place  of  strongest  force.  In 
the  case  of  two  magnets  placed  side  by  side  with  their  similar  poles 
in  the  same  direction,  it  was  pointed  out  that,  for  each  pair  of  similar 
poles,  there  is  a  zero,  or  place  of  no  force,  midway  between  the  two 
bars,  and  nearly  in  the  line  joining  the  ends.  A  globe  of  soft  iron 
movable  midway  between  the  two  bars  is  repelled,  as  it  were, 
from  each  of  the  points  of  zero  force,  and  finds  a  position  of 
maximum  force,  which  is  one  of  stable  equilibrium,  on  either  side 
of  either  of  the  zeros.  Faraday's  law  shewed  that  the  soft  iron  was 
attracted  from  places  of  weaker  to  places  of  stronger  force,  quite 
irrespectively  of  the  directions  of  the  lines  of  force.  He  thus 
summed  up  a  great  variety  of  very  curious  and  puzzling  phenomena 
in  one  sentence. 

This  expression  is  perfectly  applicable  to  small  bodies  moving 
through  a  moving  fluid ;  with  the  substitution  of  ''  stream  lines,*' 
instead  of  Faraday's  "  lines  of  magnetic  force,"  and  "  greater  or 
smaller  fluid  velocity,"  instead  of  "  stronger  or  weaker  magnetic 
force." 

Mathematicians  were  content  to  investigate  the  general  expression 
of  the  resultant  force  experienced  by  a  globe  of  soft  iron  in  all  such 
cases ;  but  Faraday,  without  mathematics,  divined  the  result  of  the 
mathematical  investigation ;  and,  what  has  proved  of  infinite  value 
to  the  mathematicians  themselves,  he  has  given  them  an  articulate 
language  in  which  to  express  their  results.     Indeed,  the  whole 
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language  of  the  magnetic  field  and  "  lines  of  force "  is  Faraday's. 
It  must  be  said  for  the  mathematicians  that  they  greedily  accepted 
it,  and  have  ever  since  been  most  zealous  in  using  it  to  the  best 
advantage. 

Suppose  a  tube  sunk  in  a  perfect  fluid,  and  the  fluid  made  by 
some  means  to  enter  the  one  end  and  flow  out  by  the  other,  the 
particles  of  it  would  follow  the  lines  of  magnetic  force.  The 
magnetic  field  of  force  in  the  neighbourhood  of  a  bar  magnet 
corresponded  exactly  with  the  straight  tube  taking  water  in  at  one 
end  and  discharging  it  at  the  other.  If  two  such  tubes  were 
presented  with  like  ends  to  each  other,  they  attracted,  but  with  un- 
like ends,  they  rebelled, — ^thus  acting  differently  from  two  magnets 
placed  in  similar  relative  positions.  But,  except  in  being  precisely 
opposite  in  direction,  the  resultant  action  between  the  supposed 
tubes  and  that  between  two  bar  magnets  follows  rigorously  the 
same  law,  both  as  to  magnitude  and  as  to  line  of  action.  This 
conclusion,  and  some  others,  containing  the  explanation  of  most  of 
the  experiments  now  to  be  shewn  to  the  Society,  had  been  worked 
out  mathematically  by  the  lecturer,  and  communicated  by  him  to 
the  Royal  Society  of  Edinburgh.* 

It  had  been  found  by  Faraday  that  the  lines  of  magnetic  force 
were  diverted  outwards  from  itself  by  a  dia-magnetic  body  being 
placed  in  the  field.  If  a  body  existed  of  completely  dia-magnetic 
inductive  capacity,  the  lines  of  magnetic  force  would  pass  altogether 
round  it,  and  none  of  them  through  it.  This  is  precisely  the 
phenomenon,  with  reference  to  stream  lines,  which  is  met  with  in 
the  hydro-kinetic  analogue.  Sir  William  then  drew  attention  to 
some  small  egg  shells  which  were  suspended  so  as  to  move  freely, 
each  in  a  horizontal  circle.  By  slightly  waving  the  hand  in  front 
of  the  eggs  they  were  attracted,  and  the  same  phenomenon  was 
produced  by  holding  in  their  neighbourhood  a  vibrating  tuning- 
fork.  This  corresponded  to  the  behaviour  of  a  dia-magnetic  in 
the  magnetic  field,  only  that  the  direction  of  the  motion  was 
opposite.  By  means  of  a  very  delicate  anemometer  it  was  shewn 
that  the  phenomena  were  altogether  independent  of  currents  of  air. 
The  lecturer  shewed  that  in  whatever  position,  with  one  exception, 
the  fork  was  held,  the  attraction  was  produced.  The  magnetic 
analogue  to  this  fork  would  be  a  non-magnetic  frume  substituted 
for  the  tuning-fork,  and  bearing  two  small  magnets  laid  across  the 
ends,  with  similar  poles  pointing  towards  each  other.  In  this  case 
there  would  be  a  zero  point  in  the  middle,  between  the  near  poles. 

*  Proceedings^  Koyal  Society,  Edinburgh,  Febniary,  1870. 
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Tbe  Fkemidest^  in  pr>(MMEing  a  T<4e  of  tLaaks  to  Sir  WnBam 
naum/SL,  mad  ihmi  fSir  William  had  alwirv  kept  tlicm  up  to  tbe 
liiteivt  remito  fA  the  nsfeairikes  in  which  he  was  cngi^ed;  and  he 
murt:  thffy  wtjuld  yAn  vith  him  in  the  hope  that  aoaiie  of  the 
tng  i^xp^^rim^ftiU  </n  this  gu^ijecL  would  be  bfou^t  befoie  them 
hy  Hir  Wiliiam  later  in  the 


VL — On  the  Question  as  between  Sir  Roderitk  L  Murekison  and 
Professor  Jarries  Nicol  in  regard  to  the  Age  </  the  Bodes  of  the 
Central  HighUmds.     By  James  Brtce,  MJL,  ULD.,  F.G.S., 

Preffident. 


Bead  belore  ibe  Society,  January  11, 1871. 


(The  publication  of  this  paper  is  postponed.) 
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YII. — OhservcUions  of  the  Becent  Eclipse  of  tlie  Sun  in  Spain.  By 
Alexander  S.  Herschel,  B.A.,  Professor  of  Natural  Philo- 
Bophy  in  the  Andersonian  University,  Glasgow. 


Read  before  the  Society,  January  25,  1871. 


Although  the  nature  of  the  red  prominences  seen  round  the  sun's 
limb  was  most  satis&ctorily  investigated  in  the  solar  eclipses  of  the 
years  1868  and  1869;  and  their  connection  with  the  sun,  completely 
established  by  Mr.  Warren  Delarue's  photographs  of  the  eclipse 
in  Spain  in  1860,  might  be  regarded  as  fairly  proved  by  observa- 
tions of  those  which  occurred  in  1851  and  1858,  the  corona  remained 
a  comparatively  neglected  phenomenon,  until  the  contradictory  ob« 
servations  to  which  it  has  given  rise,  especially  in  the  two  previous 
eclipses,  determined  observers  to  submit  it  to  the  test  of  a  severe 
cross-examination  in  the  total  eclipse  of  the  sun  which  occurred  last 
month.  The  observing  parties  were  directed  for  this  purpose  to 
make  unassisted,  as  well  as  telescopic  sketches  of  its  appearance,  and 
to  examine  its  light  with  the  polariscope  and  spectroscope,  assigning 
a  separate  duty  to  each  observer,  and  locating  as  many  parties  as 
their  numbers  in  the  expeditions  would  permit,  at  various  points  on 
the  path  of  the  moon's  shadow,  so  that  as  different  terrestrial  condi* 
tions  as  possible  might  be  allowed  to  have  their  full  share  in  modi* 
fying  the  results.  Photographic  means  were  also  suooessfully 
employed,  by  means  of  long  exposures,  to  record  the  extent  and 
outline  of  the  corona.  Although  cirrhus  clouds  unfortunately  veiled 
its  features  to  a  great  extent,  and  dense  clouds  completely  foiled  the 
preparations  of  a  few  of  the  parties  in  Spain,  the  following  short 
account  of  their  observations  will  shew  that  the  careful  preparation 
and  skilful  subdivision  of  their  operations  was  not  entirely  thrown 
away : — 

Of  the  four  expeditions  sent  by  the  British  Government  to  observe 
the  eclipse,  the  two  first,  embarked  upon  the  "Urgent,"  were  directed 
to  Cadiz  and  Gibraltar,  in  Spain,  and  a  third  to  Oran,  on  the  coast  of 
Algeria.  A  few  observers  who  joined  the  parties  to  the  former 
points  took  their  passage  to  Spain  in  the  P.  &  O.  steamer  "  Pera," 
from  Southampton.  A  rougher  passage  than  that  of  this  steamer  to 
Alexandria,  in  which  one  of  her  engines  gave  way,  had  not,  it  was 
said  by  her  officers,  been  encountered  for  thirteen  years  before. 


40;;  Ph'du^^"}jhical  Society  of  Gln^jow. 

Some  members  of  the  expedition  to  Gibraltar,  on  board  of  the 
"  Urgent,"  were  also  induced  by  the  stormy  passage  to  end  their 
journey  at  Cadiz.  Mr.  Perry's  party  at  the  latter  place  was  accord- 
ingly somewhat  increased;  and  Mr.  Ladd,  and  Captain  Maclear,R.X., 
afforded  him  their  assistance. 

The  dLsjjosal  of  hLs  f«>rces  was  as  follows  : — Messrs.  Moulton  and 
Baines  w»>re  stationed  at  San  Lucar,  the  most  western  point  in  Spain 
of  the   line  of  central  shadow,  to  observe  the  polarization  of  the 
corona ;  a  jwint  about  twelve  miles  from  San  Antonio,  the  head- 
quarters of  this  expedition  near  Puerta  Santa  Maria,  on  the  oppo- 
site side  of  the  bay  from  Cadiz.     No  account  of  the  proceedings  of 
this  party  was  received  by  Mr.  Perry  in  time  to  include  it  in  his 
report.     At  San  Antonio  Mr.  Perry  used  a  powerful  spectroscope  of 
three  prisms,  which  the  cirrhus  clouds  unfortunately  prevented  from 
shewing  the  bright  lines  of  the  corona,  so  that  no  measurements  of 
their    {lositions    could   be   made   at   this    station.      But   a   4- inch 
equatorial  from  the  Stonyhurst  College  was  erected  at  San  Antonio, 
and  was  fitted  for  the  occasion,  by  Mr.  Ladd,  with  a  small  Brown- 
ing's direct- vision  pocket-spectroscope,  and  it  was  used  by  Captain 
Maclear  during  the  eclipse,  according  to  the  programme  arranged 
for  his  observations  beforehand.     The  broadest  part  of  the  crescent 
was  kept  across  the  slit  of  the  spectroscope  until  the  sun  disappeared, 
when  the  ordinary  solar  spectrum  gave  place  to  a  fednt  diffused  light, 
and  bright  bands  about  c,  D,  6,  and  F,  broke  out,  occupying  the  full 
length  of  the  slit.     The  position  of  the  bright  band  near  6  might 
possibly  be  nearer  to  e,  while  that  of  the  lines  near  F  and  D  was 
pretty  certain.     The  slit  was  then  moved  to  a  point  8'  in  front  of 
the  advancing  limb  of  the  moon,  where  no  bright  streamer  of  the 
corona  was  visible  in  the  tinder;  and  the  same  lines  were  visible, 
and  very  bright.     It  was  then  brought  on  the  centre  of  the  moon's 
disc,  where  the  same  lines  were  seen,  but  of  only  half  their  former 
intensity.     The  position  of  the  slit  was  verified  by  the  finder,  and 
af^rwards  moved  to  8'  from  the  moon's  limb,  on  its  receding  side. 
Here  bright  lines  near  c,  D,  e,  6,  and  F,  were  recorded,  and  the  slit  was 
at  once  directed  to  the  receding  limb  of  the  moon,  which  was  just 
beginning  to  brighten.     Two  additional  green,  and  one  very  bright 
blue  line  burst  forth,  while  one  of  the  lines  at  E  or  6  may  have  dis- 
appeared;* but  the  attention  directed  to  estinvating  the  position  of 
the  new  lines,  while  so  many  bright  lines  were  in  the  field  of  view, 
makes  the  latter  observation  somewhat  doubtful.     As  the  limb 

*  If  it  was  the  well-known  green  coronal  line  which  disappearedj.it  most,  appar- 
ently,  have  been  less  bright  in  the  immediate  proximity  of  the  smi,  (A  S.  H.) 
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brightened,  the  lines  between  d  and  f  diminished  to  half  their  length; 
and  as  the  sun's  light  broke  in,  all  disappeared,  and  were  replaced 
by  the  ordinary  solar  spectrum.  The  two  green  lines  which  appeared 
on  the  following  limb  were  near  E,  and  the  blue  line  was  decidedly 
between  f  and  o. 

The  bright  lines  seen  on  the  moon*s  disc  must  have  been  pro- 
duced by  the  diffusive  power  of  the  cirrhus  clouds ;  but  it  is  at  least 
not  improbable  that  these,  and  the  bright  lines  seen  on  the  corona, 
derived  their  brilliancy  from  its  light,  as  much  as  from  the  light  cast 
by  the  solar  prominences.  Mr.  Ladd  remarked  that  polarization 
was  stronger  on  the  corona  than  either  on  the  moon's  surface  or  on 
the  cloudy  sky. 

As  the  solar  crescent  decreased,  its  cusps  appeared  to  be  alter- 
nately drawn  out  and  blunted ;  Bail/s  beads  were  formed,  and  the 
corona  burst  forth  more  than  twenty  seconds  before  totality.  The 
prominences  were  numerous,  but  none  apparently  very  remarkable. 
Mr.  Browne,  who  made  these  telescopic  observations,  regarded  their 
colour  as  a  bright  yellowish-red  tint.  The  corona  he  considers  to  have 
been  perfectly  free  from  striation,  of  distinct  outline,  and  approxi- 
mately quadrilateral,  extending  farthest  in  the  direction  of  first 
contact.  Its  brightest  part  appeared  to  the  naked  eye  to  be  scarcely 
more  than  one-tenth,  fading  rapidly  when  one-fifth,  but  being  still 
clearly  visible  at  seven-eighths  of  the  sun*s  diameter  from  the  moon's 
edge.  Some  unassisted  observers  saw  two  curved  rays;  but  the 
general  appearance  was  that  of  a  diffuse  light,  interrupted  in  four 
places  distinctly,  and  in  a  fifth  faintly,  by  dark  intervals.  It  was 
white,  and  was  rendered  faint  by  the  clouds.  Totality  ended  by 
the  formation  of  Baily's  beads,  and  the  corona  was  visible  to  the 
naked  eye  for  fifteen  or  sixteen  seconds  afterwards. 

Near  Xeres,  five  miles  eastward  from  San  Antonio,  the  observers, 
Messrs.  Naflel,  Abbay,  and  Penrose,  of  Mr.  Perry's  party,  were  sta 
tioned  very  near  the  post  occupied  by  the  American  expedition 
under  Professor  Winlock.  An  eye-sketch  of  the  corona,  and  of  the 
general  appearance  of  the  scene  during  the  eclipse,  a  copy  of  which 
is  figured  in  the  Graphic  of  January  21st,  1871,  was  here  taken  by 
Mr.  Naftel ;  while  Mr.  Penrose  sketched  the  corona  as  seen  through 
a  telescope.  Mr.  Abbay  was  provided  with  a  two-prism  spectro- 
scope belonging  to  Professor  Young.  With  this  instrument  he 
noted  the  bright  lines  c,  D,  F,  and  afterward  F,  and  a  line  rather  more 
bright  than  F,  at  some  distance  on  the  less  refrangible  side  of  B,*  c, 

*  Mr.  Lockyer  supposes  that  this  mast  be  a  misprint  of  B  for  h.    The  descrip- 
tion then  exactly  corresponds  to  the  8i)ectram  of  "  subiiicaDdescent "  hydrogen 
Vol.  VII.— No.  3.  2  e 
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Bot  nodced  then.  Alihongh  x«oi  noied  in  the  memonndam,  the 
oboerr&iion  &ppesj^  u>  h&ve  been  mftde  at  a  point  external  to  the 
prunix^ez^oeft.  anu  appdirentlj  on  the  corona. 

Farther  along  the  line  of  central  shadow,  aboat  seventeen  miles  from 
San  Anv>nio.  a  uagninoent  view  of  the  eclipse  was  obtained  near 
Arcc«,  and  a  aketch  of  it  was  made  there  by  Mr.  Warrington  Smjth 
with  a  telescope  of  the  same  aperture  as  that  used  bj  Mr.  Penrose. 
The  observers,  Mr.  O.  Airy,  and  Mr.  ELammond  (aafiisted  by  Lieut. 
Worgan  and  Mr.  Atkinacin),  who  joined  Mr.  Perry  at  San  Antonio, 
CGAtribated  some  general  observations  to  this  expedition,  arriving 
from  England  at  Gibraltar  in  the  *'  Pera.^ 

Lord  Lindsay  established  his  private  photographic  observatory  in 
a  convenient  site,  about  five  miles  from  San  Antonio  towards  San 
Lncar,  where  a  dear  view  of  the  skv  enabled  him  to  obtain  seven 
excellent  photographs  oi  the  total  phase.  With  these  he  arrived  in 
England  in  time  to  be  present  at  the  first  re-assembly  of  the  Royal 
Astronomical  Society  in  London,  after  their  adjournment,  and  the 
departure  oi  the  eclipse  expeditions  in  the  previous  month. 

In  view  of  the  possible  event  of  cloudy  weather,  the  members  of 
the  expedition  who  landed  at  Gibraltar,  under  Capt.  Parsons,  sepa- 
rated into  two  divisions,  all  except  Capt.  Parsons,  Mr.  Abbatt,  and 
Mr.  Talmage  proceeding  to  Estepona,  a  village  on  the  Mediterranean 
coast  of  Spain,  about  thirty  miles  from  Gibraltar,  and  on  the  central 
path  of  the  eclipse.  The  weather  proved  so  capricious,  that  at  Gib- 
raltar Mr.  Abbatt  alone  glimpsed  the  corona,  and  four  high  promin- 
ences, through  a  telescope,  for  about  two  seconds ;  while  the 
micrometrical  measurements  of  the  position  of  Saturn,  and  of 
the  possible  refraction  of  its  rays  in  passing  through  the  corona, 
intended  to  be  observed  by  Mr.  Talmage,  and  of  the  polarization  of 
the  corona  by  Capt.  Parsons,  at  a  point  about  a  quarter  of  a  mile 
from  Mr.  Abbatt's  station,  were  entirely  prevented  by  clouds.  Mr. 
Abbatt  reports  that  there  were  more  red  prominences  than  the  four 
just  noticed,  and  that  '^  in  no  part  did  the  corona  or  the  prominences 
extend  more  than  an  eighth,  or  at  most  a  sixth  part,  of  the  moon's 
radius  beyond  the  moon's  limb."  A  drawing  of  the  eclipse,  exhibit- 
ing numerous  prominences,  and,  apparently,  no  corona,  carefully 
executed  with  a  telescope  by  Corporal  Munro,  at  the  Signal  station 

(f),  near  the  sninmit  of  a  promineDce,  added  to  the  green  coronal  line  (near  x) 
some  distance  on  the  less  refrangible  side  of  b,  [A  disposition  of  the  spectro- 
■cofie,  by  Professor  Young,  admitted  light  to  the  slit  from  eyery  part  of  the 
eclipse  at  once,  instead  of^  as  nsnal,  from  a  single  point  only  of  tiie  corona,  or 
of  the  prominenoea] 
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at  Gibraltar,  appears  in  the  Graphic  of  January  14tli,  1871,  together 
with  a  description  of  the  scene  from  that  lofty  point  of  view,  1,268 
feet  above  the  sea.     The  corona  is  said  to  have  been  large  and  well- 
defined,  and  its  outline,  although  confused  by  cirrhus  clouds,  was 
certainly  attended  by  brilliant  rays.     Its  light  was  pearly  white,  and 
a  bright  ruby  tint  was  observed  on  all  the  prominences.    While  the 
dark  shadow  passed  over  the  Rock,  and  veiled  the  grand  panorama 
surrounding  it  in  night,  the  lights  on  the  A:&*ican  shore  at  Algeciras 
were  distinctly  seen,  and  very  distinct  clouds  near  the  horizon,  in 
the  direction  of  the  Atlas  mountains,  continued  bright.*     On  board 
of  H.M.S.  "  Trafiftlgar,"  alongside  of  the  new  Mole,  drawings  of  the 
eclipse,  of  great  interest,  were  made  by  the  officers,  three  of  which 
are  reproduced  in  the  Illustrated  London  News  of  January  14th. 
In  that  which  exhibits  the  total  phase  the  corona  is  represented  as 
a  nearly  uniform  "  glory,"  or  circular  pencil  of  white  rays  round  the 
moon,  extending  to  about  one  of  its  diameters  from  its  edge.     The 
other  two  engravings  shew,  from  the  thin  crescent  of  the  sun  before 
disappearance,  projecting  obliquely  downwards,  three  bright  and 
sharp  rays ;  and  at  re-appearance  a  similar  ray  is  seen  projecting  from 
the  crescent  near  its  lower  cusp.     The  colour  of  these  rays,  which 
remained  visible  for  half  a  minute,  was  bright  red.     By  means  of 
telegraphic  time-signals  to  Professor  Harkness  at  Syracuse,  Professor 
Newcombe,  of  the   U.S.    expedition,  observed   the   difference   of 
longitude,  and  obtained  the  time  of  all  the  four  contacts  at  Gibraltar 
successfully, — ^which  observations  will  assist  in  ascertaining  the  cor- 
rectness of  Pierce's  lunar  tables.     Several  stars  and  planets  were 
visible  in  the  darkness;  but  the  planet  Saturn,  in  the  corona,  does  not 
appear  to  have  been  seen  by  any  of  the  observers,  with  the  naked  eye. 

At  Estepona  the  total  phase  was  seen  for  about  fifteen  seconds;  and 
Mr.  Carpmael  traced  a  line  near  one  of  the  doubtful  coronal  ones.  Mr. 
Anson  obtained  a  short  view  of  the  corona,  which  would  enable  him 
to  produce  a  fair  representation  of  it  from  memory ;  and  Mr.  Lewis, 
who  directed  the  party,  found  that  its  light  was  polarized.  The 
preparations  of  the  other  observers  at  Estepona,  including  Mr. 
Buckingham's  excellent  arrangements  for  photographing  the  total 
phase,  were  unfortunately  frustrated  by  clouds  and  rain. 

Observations  of  the  greatest  interest  among  those  obtained  in 

*  At  Seville,  where  the  eclipse  occnrred  daring  min,  and  the  total  phase  was 
lost  to  si^ht,  the  charcoal-biiniers*  fires  in  the  mountains,  some  five  leagues  dis- 
tant [five  Spanish  leagues  are  about  twenty-one  English  miles],  were  plainly 
^visible.  The  correspondent  of  the  Oraphic,  at  Gibraltar,  also  saw  the  fires  of 
the  charcoal-burners  in  the  cork  woods  behind  Algeciras,  and  about  St.  Roque. 
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]iiinut4>fl  '^t'  lininftr  -^iear  sky,  witk  iniy'  a  v-pry  ^iiifiii;  baaDP.  while 
the  u\tsii  ptuM«»  iaurefi  at  Xeroa.  The  parry  employed  £bnr  eqimfiarial 
tel«wop«i  of  OTvin  '5  t;«)  S  inehesi  ;ip«:nire.  .iriven  by  oiockwark. 
befliiipfi  ^me  ^nmiiler  •loefi;.  with  'iiie  •>£  -^bii:!!  ieveitu  phu^ognipha  «>f 
the  ri)tAi  phflne  were  uiken  by  MJr.  WUhtrcL  jnii  his  tiamsOknxL  This 
powirinns  of  brijjiit;  lineA  in  the  spectroscope  w«re  recorded  by  a 
re^terin<^  ;n)piicacnfl  deviaefi  by  Protessor  Win  lock,  and  drted  na 
each  :4p#^<TCrniicope.  The  ner^eciion  <it  nhe  imtrmnHnta  may  be  iizdiEred 
from  the  titct,  r;hat  tdie  dr^t  «y)aiacc  of  die  mo«)a  and  iim  was  known, 
hy  t;he  mnnn':)  (Approach  ov^er  che  prominenceg  in  iia  path,  b^bie  \z 
reached  che^  ^mn.  Ac  die  tmc  instsuii;  of  vitality,  and  &r  one  or  two 
geeonds  Afterwrunrhi.  i;he  ^c  of  che  ipeetroficope  beuu;  p«Hniaed  tso  xHm 
fluoon'it  advancin^^  limb,  ^y  as  Ta\  «7omcide  wink  die  pan  <}f  die  son's 
hixuinniift  border  'sioeejit  i»  ita  snrthce.  Pr^tessor  Yi^yhxc  saw  "^  tiie 
field  of  die  inainniment  jSUti  taith  hriijhi  (itm*.  Xi  fiir  aa  oooid  be 
judged,  every  aoa-ftcnu^Rpherie  line  of  die  viaihle  spectanun  shewed 
hrighr*.  From  diia  obftervadon  (which  waa  iimtdtaineoaaly  ooadmied 
by  another  observer  of  die  ^ame  party),  we  ae^n  i»>  be  jnatrded  in 
afHtaming  die  probable  existence  of  an  oivelope  smronndin^  die 
piu)€oiipherev  and  beneadi  die  ehromoHphere*  usoaily  30  called^  whose 
ikickneiM  mnat  be  limited  no  cwo  or  diree  seconds  of  arc,  and  which 
gi^ea  a  diaeontinnofia  ^pectmnu  consisting  of  a£L  <>r  neady  alL  the 
ordinary  linejt.  ahewinir  chem,  dutf  is  co  say.  hritjiU  on  a  dark  deld.'^ 
The  apectroecope  of  Professor  Winli3^  moanted  on  a  telescope  of 
^  inches  apertnre.  shewed  in  the  lij^t  of  the  c»>rona  a  fidnt  continn- 
im%  spectrum,  withoat  dark  lines ;  but  among  several  bright  lines 
which  it  contained,  the  moat  eonspicnons  line  (1,474  KirehholF)  was 
fallowed  to  a  distance  of  at  least  20^  from  the  moon's  disc  all  rotmd 
the  unn,  and  the  positions  of  the  other  coronal  Hnes  were  recorded 
\ff  the  regisftfrring  apparatus.  The  extension  of  the  same  bright  line 
from  the  moon*s  limb  was  estimated  by  Prolessar  Young  a&  not  less 
than  half  the  solar  diameter,  and  all  the  spectrosoopes  shewed  it  as 
much  the  most  conspicnons  coronal  line.  Using  three  dijierent 
kinrls  i4  (K/lariscope,  Professor  Pickering  detected  radial  polarization 
iA  the  cffToriH  in  every  case,  and  observed  that  the  light  covering  the 
moon's  disc  was  jiolarized  thronghont  in  one  plane.  Observing  the 
light  fA  the  corona  with  Savart's  polanscope,  Mr.  Langley,  whose 
interesting  review  of  the  observations  made  at  Xeres  is  here  hrieflj 
re|irrxluced  from  Nature  of  January  21st,  also  fonnd  it  to  be  radially 
frolari^e^l  all  round  the  sun.  His  impression  of  the  corona,  as  seen 
through  a  4^'inch  telescope,  with  power  150,  is  that  the  part  nearest 
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the  sun  was  without  striations,  presenting  a  nearly  uniform  diffuse 
light,  with  the  exception  of  a  single  "  dark  ray  "  in  the  field,  which 
was  noticed  to  be  quite  straight,  and  nearly  radial.  The  outline  of 
the  corona  was  roughly  quadrangular,  with  its  longer  diameter 
making  as  nearly  as  possible  an  angle  of  45°  with  the  vertical.  The 
coronal  structure  is  well  shewn  on  a  photograph  taken  during  the 
totality,  by  Mr.  Willard.  In  some  well-marked  features  (an  inter- 
esting drawing  being  made  by  a  resident  in  the  vicinity,  Mr.  Goi-don) 
all  agree,  while  in  Ininor  ones  such  differences  exist  that  one  might 
almost  say  that  each  saw  a  different  corona.  The  red  flames  were 
beautiful  objects ;  but  they  were  not  seen  more  distinctly,  or  more 
in  detail  during  the  eclipse,  than  they  were  viewed  the  day  before 
through  the  spectroscope  of  Professor  Young.  Mr.  Ross  used  a 
modification  of  Bunsen's  photometer,  and  obtained  several  concor- 
dant measurements,  shewing  that  the  total  illuminating  power  of  the 
corona,  and  red  flames,  was  equal  to  that  of  a  standard  candle  at  a 
distance  of  two  feet. 

At  the  meeting  of  the  Royal  Astronomical  Society  in  London,  on 
the  13th  of  January,  the  details  of  Lord  Lindsay's  expedition  occu- 
pied the  first  place  in  the  discussion,  which  resulted  in  the  recogni- 
tion of  a  new  envelope,  the  "  leucosphere,"  from  the  Greek  word 
Titvwi  (white),  encompassing  the  sun  to  a  distance  of  5'  or  6'  from 
its  border,  and  apparently  distinct  from  the  outer  radiating  corona. 
Among  the  different  eye-drawings  exhibited  of  the  eclipse,  some 
were  very  grand,  and  not  a  few  of  them  were  remarkably  dissimilar. 
Lieut.  Brown,  R.A.,  who  accompanied  Lord  Lindsay's  expedition, 
found,  like  Professor  Winlock,  a  continuous  spectrum  of  the  corona, 
in  which  he  failed,  however,  to  detect  the  existence  of  bright  lines 
at  a  point  in  the  corona  about  8'  from  the  moon's  limb. 

Next  to  the  probability  of  the  double  character  of  the  corona,  the 
most  important  result  of  the  observations  of  the  eclipse,  obtained  in 
Spain,  is  undoubtedly  the  bright  line  spectrum  of  the  corona  seen  by 
the  United  States  observers.  The  most  conspicuous  line  in  its  spec- 
trum (Kirchhoff,  1,474)  is  the  same  as  that  detected  (with  two  less 
certain  ones)  in  the  corona  of  the  eclipse,  in  1869,  by  Professor  Young, 
which  has  now  been  traced  to  a  distance  of  15'  or  2(y,  corresponding  to 
a  height  of  400,000  or  500,000  miles,  all  round  the  sun.  On  the  other 
hand,  in  the  bright  stratum  closest  to  the  sun,  to  a  distance  of  about 
1,000  or  1,500  miles  from  its  surface,  Professor  Young  observed  in 
the  spectroscope  a  luminous  vapour,  in  whose  light  every  non-atmo- 
spheric dark  line  of  the  solar  spectrum,  as  far  as  could  be  judged, 
shewed  bright,  or  was  reversed.     Such,  therefore,  must  be  the  depth 
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of  the  sea  of  flame  whose  absorbent  vapours  surrounding  the  sun 
give  rise,  according  to  the  great  discovery  of  Kirchhoff,  to  the  well- 
known  array  of  Fi-auenhofer's  black  lines  in  the  solar  spectrum.  The 
ordinary  height  of  the  chromosphere,  in  which  Mr.  Lockyer  has 
observed  the  bright  lines  of  Magnesium,  Sodium,  Barium,  Iron,  <kc., 
besides  Hydrogen,  at  the  base  of  the  prominences,  does  not  exceed 
4,000  or  5,000  miles,  which  is  also  the  utmost  thickness  that  the 
photosphere  is  estimated  by  other  astronomers  to  have,  from  the 
apparent  depth  of  the  cavity  of  the  best  observed  solar  spots. 
Compared  with  the  whole  gigantic  extent  of  the  sun's  diameter, 
850,000  miles,  such  shallow  strata  appear  of  almost  liliputi&n 
thickness,  to  account  for  the  marvellous  complication  of  the  light, 
and  for  the  extraordinary  changes  which  are  constantly  seen  in  active 
operation  on  the  sun's  surface.  In  the  thin  strata  of  the  photo- 
sphere and  chromosphere,  the  densest  of  the  glowing  vapours  appear 
to  be  collected,  while  the  extremely  light  incandescent  hydrogen  ia 
thrown  up,  in  the  highest  prominences,  to  elevations  of  60,000  or 
90,000  miles  above  the  surface  of  the  sun.  Should,  therefore,  the 
bright-green  coronal  line,  extending  to  a  distance  of  more  than  400,000 
miles  from  the  sun,  indicate  the  existence  of  a  hitherto  unknown 
chemical  element,  its  brilliancy  at  such  a  height  would  evidently 
distinguish  it  as  the  lightest,  and  most  nearly  ethereal  of  all  known 
substances.  A  single  bright-green  line  was  observed,  in  1867,  by  Pro- 
fessor Angstrom  in  the  spectrum  of  the  zodiacal  light,  and  of  the 
Aurora.  Should  its  peculiar  brightness  afford  observers  with  the 
spectroscope  a  means  of  tracing  the  forms  and  the  presence  of  those 
feeble  luminaries  by  day,  as  well  as  in  the  absence  of  the  sun*a 
light,  by  a  future  ingenious  application  of  the  hitherto  remarkably 
successful  Janssen-Lockyer  method;  the  possible  identity  of  the 
luminous  substance  producing  all  these  phenomena,  and  perhaps  the 
light  of  some  comets  like  the  nucleus  of  Temple's  comet  (I,  1866), 
and  of  the  streaks  of  the  November  meteors,  will  then  be  capable  of 
exact  verification,  and  perhaps  of  safe  assertion.  The  coronal  line, 
1,474,  Elirchhoff  (wave  length  about  6,300),  is,  however,  very  far  from 
the  green  line  (wave  length,  6,667)  obsei-ved  by  Angstrom  in  the 
spectrum  of  the  zodiacal  light,  and  of  the  Aurora ;  and  it  is  marked 
as  coinciding  with  the  place  of  a  bright  line  of  iron  in  KirchhofiTs 
map  of  the  solar  spectrum.  A  question  of  important  interest  in  the 
further  discussion  of  the  spectroscopic  observations  will  be  resolved 
when  the  positions  of  all  the  bright  lines,  hitherto  considered  to 
have  been  recorded  in  the  spectrum  of  the  corona,  are  com- 
pared with  the  known  elementary  spectra;  and  it  will  then  be  known 
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if  any  element  existing  on  the  earth,  or,  as  appears  very  probable, 
from  the  conspicuous  appearance  of  the  green  ray,  an  element  hitherto 
unknown  to  chemists,  is  discovered  in  the  coronal  matter,  as  visible 
to  us  in  the  highly  gaseous  character  of  its  spectrum,  recorded  by 
the  skilful  efforts  of  observer^  in  the  late  eclipse. 


VIII. — The  Eclipse  Observations  in  Sicily,     By  Dr.  T.  K  Thorpe, 
Professor  of  Chemistry  in  the  Andersonian  University,  Glasgow. 


Bead  before  the  Society,  January  25,  1871* 


Professor  Thorpe  regretted  his  inability  to  present  the  scientific 
results  of  the  expedition  to  the  Society  in  a  more  complete  form 
than  had  hitherto  appeared.  These  results  had  not  yet  been  for- 
warded to  headquarters,  and  although  he  had  been  in  correspon- 
dence with  individual  obsei'vers,  he  had  not  succeeded  in  obtaining 
anything  beyond  a  general  statement  of  their  work.  Of  course,  they 
would  all  see  that  it  was  hardly  possible  to  expect  men  to  communi- 
cate their  results  before  they  themselves  had  given  them  to  the 
world.  The  expedition  to  which  he  had  the  honour  to  belong,  waa 
sent  out  to  Italy  under  the  charge  of  Mr.  Lockyer.  The  original 
destination  of  the  party  was  to  Syracuse;  but  the  unfortunate  wreck 
of  the  ''  Psyche,"  near  Catania,  rendered  it  necessary  for  the  main 
portion  to  remain  at  that  place.  In  the  hurry  and  excitement  of 
landing  from'  the  wreck,  many  of  the  instruments  were  slightly 
damaged;  but,  thanks  to  the  ready  co-operation  of  the  American 
astronomers,  who  were  also  stationed  at  Catania,  the  damage  done 
was  quickly  repaired.  Detachments  from  Mr.  Lockyer's  party  were 
sent  to  S3rracuse,  Agosta,  and  up  Mount  Etna;  the  section  to  which 
he  (Professor  Thorpe)  was  attached  remained  at  Catania.  The 
observations  of  this  party  were  unfortunately  not  very  successful; 
during  nearly  the  whole  of  the  time  of  totality  the  sky  was  covered 
with  dense  clouds;  the  corona  was  visible  only  for  about  2^  seconds, 
and  the  amount  seen  waa  but  small.  The  small  portion  visible 
appeared  as  a  level  patch  of  luminous  haze — without  streamers  or 
corruscations.  The  party  up  Mount  Etna  (under  charge  of  Profes- 
sor Koscoe)  was  equally  unsuccessfril.  Just  at  the  moment  of 
totality,  a  tremendous  hailstorm  broke  over  the  party,  and  rendered 
observation  completely  useless.  The  most  important  observation 
of  the  party  was  made  by  Mr.  Burton  at  Agosta.     This  gentleman 
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iai<A*iji/;!U/rr  ^^jfj^uA  *A  xh^  fokxiixiope  w<^  docre  as  JLs<asxiL     Mr. 

Ik^iitf  hfjw^iy*^^  whfj  vau  a]4^>ii;t^  v>  iketfL  tiie  coroEcft.  i&sm3i&  some 

Uu^ftiiUit  ohtterruUf/tuL     At  i^jn^mfte.  iLe  m«iixb»s  v-o^  Bore  fiar- 

t4SJMi^^  IttuXienhurij  a«   rei^airdi   pLouigrmfiliT ;  and    Mr.  Bpptlicia 

tUM*MS('sd  t/>  o}/Uui:i  Ml  Uisuiy  am  sercm  €;i^fOsiim  dming  totaJhr.     Mr. 

hr*A\^r%  iihtf/  UiStAf.  sl  fnw  ufAfo^  on  tlie  pondons  of  tike  proounenceB  : 

ih*:^^.  w*;r*',  (out A  Vt  \jh  aluiOAt  vAeutieal  vitk  tiiose  mapped  bj  Mr. 

f^brok/;,  at  CiitajjLa,  hhortlj  before  tbe  time  of  fint  oontacl.     The 

Ujffi^kttr  HxhWnUA  a  diagram,  oc^pied  from  a  map  supplied  bj  Mr. 

iUrH}fro\iHf  r/f  the  position  and  height  of  the  promineiioes.     At  Gar- 

letiitui^   Vndhhi^fr   Watnon,  the  well>kiiowii  Director  of  the  Ann 

Kr\M/r  O^iM^rvatory,  Michigan,  had  a  most  enchanting  view  of  the 

tytfrotiH, :  during  the  entire  time  of  totality  it  was  perfectly  andoadedy 

an/l  hn  whH  therefore  enabled  to  sketch  its  form  and  appearance  with 

gr^^at  itrttciuiou.     The  s{>eaker  shewed  a  copy  of  Professor  Watson's 

ongina.1  drawing.     One  of  the  chief  points  connected  with  this  corona 

waa  that  it  evidently  consisted  of  two  parts,  one  a  solar  appendage, 

ibii  other  of  U;rr<;Mtrial  origin.     On  comparing  the  drawings  of  the 

protn'imiucAiH  and  of  the  form  of  the  corona,  a  remarkable  coincidence 

was  obMervable.     There  was  evidently  some  connection  between  the 

irregularitiiiS  in  the  circumference  of  the  corona  and  the  forms  of  the 

prominences.     Wherever  the  outer  line  of  the  corona  seemed  to  pro- 

irud<»,  underneath  would  be  found  a  prominence.     The  fact  was  the 
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more  striking  as  the  observations  which  had  led  to  the  discovery  were 
made  by  two  perfectly  independent  observers  acting  without  the 
slightest  collusion,  at  a  distance  of  nearly  twenty  miles  from  each 
other.  With  respect  to  the  green  line  before-mentioned,  the  speaker 
asserted  that  he  was  convinced  that  it  would  be  seen  shortly  without 
the  aid  of  an  eclipse.  Observers  would  attempt  to  do  for  the  corona 
what  they  had  already  achieved  in  the  case  of  the  prominences, 
namely,  to  see  it  round  the  unobscured  sun. 

Discussion  ok  the  Two  Preceding  Papers. 

Professor  Grant  remarked  that,  in  consequence  of  the  little 
attention  which  had  been  devoted  to  the  corona,  as  seen  during 
former  eclipses  of  the  sun,  the  recorded  observations  and  drawings 
of  the  phenomenon  presented  great  discordances.  Some  drawings 
were  made  of  the  corona  of  the  eclipse  of  1842,  and  on  that  occasion 
it  was  remarked  that  towards  the  dark  limb  of  the  moon  there 
presented  itself  a  zone  of  compact  light,  surrounded  by  a  definite 
outline.  Beyond  this  was  a  zone  of  scattered  light,  and  still 
farther  out,  bundles  of  rays,  suggesting  the  idea  of  what  the 
painters  draw  round  the  heads  of  saints.  There  were  thus  three 
parts : — the  zone  of  compact  light  adjoining  the  dark  body  of  the 
moon;  another  zone  of  more  scattered  light;  and,  still  farther, 
beams  of  light  extending  to  a  distance  of  seven  or  ^ight  minutes 
beyond  the  exterior  margin  of  the  corona  proper. 

The  appearances  which  the  corona  presented  in  the  drawings  made 
of  the  eclipse  of  1851  were  much  the  same  as  those  of  1842.  In 
1858,  a  total  eclipse  of  the  sun  occurred  in  South  America.  In 
the  drawings  given  by  Mons.  Liais,  who  observed  the  eclipse  in 
Brazil,-  there  were  some  peculiarities  shewing  the  corona  infiiiitely 
more  contorted  than  in  the  diagrams  now  exhibited.  The  drawings 
by  Mr.  Hennessey  of  the  eclipse  of  1868,  inserted  in  the  Proceedings 
of  t/ie  Royal  Society ,  were  more  complicated  in  their  details  than  even 
those  shewn  by  Mons.  Liais.  There  appeared  everywhere  a  multi- 
plication of  curved  lines  shooting  out  beyond  the  corona  and 
returning  again  into  it  by  curvilinear  courses.  In  the  eclipse  of 
1860,  which  the  speaker  observed  in  Spain,  there  was  one  of  the  ex- 
tending rays,  or  rather  bundles  of  rays,  which  exhibited  a  decidedly 
curved  form.  The  remark  of  Dr.  Thorpe,  on  the  connection  between 
the  red  prominences  and  the  white  patches  which  interrupted  the 
irregularity  of  the  outline  of  the  corona,  seemed  to  him  to  be 
capable  of  throwing  some  light  on  the  question  under  discussion. 
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Might  not  the  violent  commotion,  of  which  those  prominences 
appeared  to  be  an  indication,  have  the  effect  of  ejecting  volumes  of 
hydrogen  (for  the  prominences  appeared  to  be  composed  mainly  of 
this  element)  into  the  solar  atmosphere,  which  would  subsequently 
return  to  the  photosphere  under  the  influence  of  the  sun*s  gravi- 
tation, the  two  forces  in  action  causing  the  ejected  matter  to 
describe  a  curvilinear  path  in  the  solar  atmosphere  f  At  all  events, 
the  complex  irregularities  by  which  the  structure  of  the  coron&  was 
generally  chai*acterized,  as  indicated  by  the  observations  and 
drawings  of  different  observers  of  total  eclipses  of  the  sun,  con- 
stituted one  of  the  most  serious  of  the  difficulties  presented  by  the 
physical  problem  of  those  phenomena;  and  he  considered  that  if 
the  connection  referred  to  by  Dr.  Thorpe  as  existing  between  the 
irregularities  in  the  outline  of  the  corona  and  the  prominences  was 
sufficiently  established  by  the  recent  observations,  it  would  be  the 
most  valuable  acquisition  which  had  yet  accrued  to  science  in  con- 
nection with  the  vexed  question  of  the  corona. 

The  Tresident  considered  it  highly  probable  that  the  green  line 
was  given  by  some  unknown  substance  contained  in  meteoric  matter 
present  in  the  corona,  and  also  in  the  higher  regions  of  the  atmo- 
sphere, being  derived  from  meteors  bursting  there,  and  illuminated 
when  an  aurora  occurred. 

In  reply  to  a  question  by  Mb.  Day,  in  regard  to  the  form  of  curve 
shewn  in  the  corona,  towards  the  base  of  the  prominences,  Professor 
Grant  explained  that  it  appeared  to  be  parabolic,  and  that  the 
nearest  approach  to  the  curve  was  seen  in  Mr.  Hennessey's  drawing. 
If  the  ejecting  force  was  in  a  direction  normal  to  the  moon's  limb 
there  would,  of  course,  be  no  sensible  curvature;  but  if  inclined  to 
the  moon's  limb,  there  would  be  a  deviation  from  a  rectilinear 
course.  Any  one  looking  at  Mr.  Hennessey's  drawing  would  see 
that  the  curvatures  were  very  confused,  and  indicated  the  action  of 
some  force  violently  exerted;  and  could  not  fail  to  be  struck  with 
the  extraordinary  contortions  in  the  structure  of  the  corona.  Nor 
did  it  seem  to  him  possible  to  resist  the  conclusion  that  such  a 
complex  phenomenon  was  due  to  the  action  of  some  force  violently 
exerted  upwards  in  the  sun's  atmosphere,  and  acting  in  combination 
with  the  sun's  gravitation. 

Professor  Herschel  said  that  he  had  fr*equently  tamed  the 

spectroscope  to  the  aurora,  and  always  observed  this  green  line. 

The  difficulty  was  to  determine  its  exact  place.     Dr.  Thorpe  had 

drawn  attention  to  the  correspondence  between  the  two  diagrams 

^  of  the  red  prominences,  and  of  the  protuberances  of  the  corona ;  and 
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in  a  recent  discussion  of  this  subject,  at  the  meeting  of  the  Koyal 
Astronomical  Society,  Mr.  Warren  Delarue  remarked  that  the 
correspondence  was  frequently  wanting,  and  that  it  sometimes 
appeared  to  be  reversed.  This  might  refer  to  the  outer  corona, 
but  it  might  also  be  a  characteristic  difference  between  the  red- 
flames  and  the  inner  corona,  or  leucosphere.  Professor  Herschel 
said  that  Mr.  Proctor  inclined  to  the  opinion  that  the  light  of  the 
corona  is,  in  some  measure,  due  to  the  streams  of  meteoric  and 
cometic  matter,  which,  we  have  good  reason  to  suppose,  must  be 
constantly  passing  very  near  the  sun.  The  general  results  of  the 
observations  of  the  corona,  in  the  late  eclipse,  appear  not  unlikely 
to  afford  further  grounds  of  support,  and  would  perhaps  add 
increased  probability  to  this  theory. 

Professor  Thorpe  said,  with  respect  to  the  want  of  a  perfect 
accordance  between  the  two  diagrams  which  had  been  detected  by 
one  speaker,  he  would  remind  that  gentleman  that  the  prominences 
round  the  sun  were  continually  changing  in  form  and  position ;  and 
it  must  not  be  forgotten  that  Mr.  Seabroke's  map  was  made  nearly 
two  hours  before  Professor  Watson's  drawing.  There  was  no 
question,  however,  about  their  accordance  in  the  main.  Professor 
Grant's  remark  about  the  peculiar  colour  of  the  bulgings  of  the 
corona  reminded  him  (Professor  Thorpe)  of  what  Mr.  Watson  had 
said  in  the  course  of  conversation  on  this  subject,  viz.,  that  it 
appeared  as  if  the  matter  of  the  corona  had  been  thrown  up  by 
some  eruptive  force  from  below,  when  it  curved  slowly  downwards 
by  the  action  of  gravity.  He  would  here  remark  that  Professor 
Watson's  observation  of  the  secondary,  or  variable,  corona  had  been 
made  on  several  previous  occasions.  The  speaker  read  a  portion  of 
a  letter  from  Mr,  Burton,  from  which  it  appeared  that  the  fact  was 
known  so  far  back  as  1706,  having  been  observed  by  Louville  in 
London. 


I X. — On  ffelmholtz^sAnali/sis  of  the  Vowel  Sounds,  By  A.  S.  Herschel, 
B.A.,  F.R.A.S.,  Professor  of  Natural  Philosophy  in  the  Ander- 
sonian  University,  Glasgow. 


Bead  before  the  Society,  February  8,  1871. 


Professor  Herschel  said  that  the  interest  which  had  drawn  him 
to  this  subject  was  what  he  had  at  first  conceived  to  be  a  difference 
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of  statement  between  Professor  Tyndall  and  Professor  Helmholtz. 
Professor  Tjndall,  in  his  fifth  Lecture  on  Sound,*  stated  that  ^^the 
Towel  O  is  pronoonoed  when  the  month  is  so  far  opened  that  the 
fundamental  tone  is  accompanied  by  its  strong  higher  octave.  A 
Terr  feeble  accompaniment  of  the  third  and  fourth  tones  is  advan- 
tageous, but  not  necessary.  The  vowel  A  derives  its  character  from 
the  third  tone,  to  strengthen  which,  by  resonance,  the  orifice  <^  the 
mouth  must  be  wider,  and  the  volume  of  air  within  it  smaller^  than 
in  the  last  instance,"  ^c 

At  the  close  of  a  description  of  the  origin  and  peculiar  com- 
position of  the  vowel  sounds,  as  investigated  by  himself^  in.  his 
well-known  work  On  the  Perception  of  Mutiad  SoundSyf 
Professor  Helmholtz  writes  : — ^  The  clang  of  the  vowel  sounds 
differs  accordingly  in  an  essential  manner  from  that  of  most  other 
musical  instruments,  in  the  peculiarity  that  the  intensity  of  the 
overtones  of  which  they  consist  does  not  depend  upon  the 
numerical  order,  but  upon  the  absolute  pitch  of  those  partial 
sounds.  When,  for  example,  I  sing  Ah  on  the  note  £  (at  the 
bottom  of  the  treble  stave),  the  note  B  (in  the  second  space  of  the 
upper  ledger),  which  is  reinforced,  is  then  the  twelfth,  or  the 
second  overtone  of  the  fundamental  note.  And  when  I  sing  the 
same  vowel  on  the  note  B  (in  the  middle  of  the  treble  clef),  it  is  the 
second  tone  in  the  series  (the  octave  of  the  fundamental  note), 
which  then  acquires  especial  force,"  The  vowel  A  in  the  two  latter 
cases  would  not  be  characterized  by  a  reinforcement  of  the  same 
overtone.  He  hoped  to  be  able  to  point  out  that  the  descriptions 
of  some  of  the  vowel  sounds  contained  in  Professor  Tyndall's  work 
may  be  shewn  to  agree  with  the  results  of  Professor  Helmholtz's 
investigations,  when  the  principal  experiments  upon  whidb  they 
repose  are  recapitulated,  as  they  would  have  been  much  more 
perfectly  rehearsed  in  an  appendix,  to  which  Professor  Tyndall 
appears  originally  to  have  intended  to  direct  his  readers. 

Professor  Herschel  then  went  on  to  shew,  by  means  of  a  diagram, 
the  various  positions  assumed  by  a  stretched  cord,  when  plucked 
and  released,  so  as  to  produce  a  musical  note.  The  note  which 
the  string  produced  in  these  circumstances  was  a  very  mixed 
one.  He  then  shewed  that  the  cord,  when  made  to  swing 
with  a  simple  cycloidal — or  isochronous — ^pendulum  motion,  pro- 
duced a  simple  note,  and  that  it  might  be  made  to  vibrate  in  this 

*  Sound :  a  Course  qf  Eight  Lectures,  &c.,  second  edition,  p.  200. 
t  Die  Lehre  von  den   Tonempfindungen,  &c.,  by  H.  Helmholti^   Professor 
of  Physiology  at  the  Universiiy  of  Heidelberg,  second  edition  (1865),  p.  180. 
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manner  in  two,  three,  four,  or  more  sections,  producing  correspond- 
ing (harmonic)  notes.  Another  diagram  shewed  the  positions 
assumed  by  the  string  when  all  these  vibrations  existed  together. 
Helmholtz's  great  theory,  on  which  is  founded  the  mode  of  percep- 
tion of  musical  sounds  which  is  advocated  in  his  work,  is,  that 
single  nerves  of  the  ear  are  only  capable  of  distinguishing  single 
pendulous  vibrations,  and  that  there  are  found  to  be  some  three 
thousand  of  these  nerves,  each  capable  of  perceiving  a  certain 
period  of  vibration.  If  the  ear  were  to  hear  the  sound  produced  by 
the  cord  when  moving,  as  shewn  in  the  diagram  of  mixed  vibrations, 
it  would  recognize  the  existence  oi  all  these  sounds,  but,  from  the 
effect  of  usual  habit,  would  regard  them  together  as  forming  one 
sound.  In  the  case  of  a  piano-forte  wire,  struck  by  a  hammer, 
Helmholtz  has  shewn  with  what  intensity  each  of  these  curves, 
partial  notes,  or  overtones  exist,  when  the  key  of  a  piano-forte  wire 
is  struck  by  a  musician.  The  lecturer  then,  by  vibrating  a  stretched 
cord  and  touching  it  with  a  camel-hair  brush,  shewed  the  existence, 
in  its  natural  sound,  of  the  various  overtones.  The  harmonic 
overtones  of  a  column  of  air  in  an  open  organ  pipe  were  then 
produced  by  increasing  the  force  with  which  the  current  of  aii*  was 
sent  through  it.  By  means  of  the  syren,  it  was  demonstrated  that 
the  column  of  air  passing  into  it  contains  vibrations  at  all  possible 
rates,  or,  at  all  events,  all  the  harmonics  of  the  fundamental  note. 
It  was  also  shewn  that  the  air  passing  through  the  reeds  in  the 
chanter  of  a  bagpipe  has  an  infinite  variety  of  vibrations,  the 
particular  undulations  which  are  selected,  and  whidi  compose  the 
note  heard,  being  those  which  correspond  to  the  length  of  the 
column  of  air  in  the  resounding  pipe.  Professor  Helmholtz  observed, 
among  many  similar  examples  of  the  effects  of  resonance  of  an 
inclosed  cavity  of  air,  that  a  hollow  sphere,  with  a  small  opening 
in  one  side,  produces  a  simple  note,  with  hardly  any  overtones;  and 
for  the  purposes  of  experiment,  it  affords  the  best  means  of 
strengthening  and  of  rendering  audible  to  the  ear  a  simple  note. 
A  tuning-fork  being  struck  with  a  stick,  rings  shrilly  with  its  higher 
overtones,  while  its  fundamental  note  is  scarcely  audible ;  but  on 
its  being  placed  opposite  the  open  mouth  of  a  glass  globe,  or  of 
a  box,  whose  size  corresponds  with  the  wave  of  sound  produced  by 
the  fork,  the  vibrations  of  the  fundamental  note  were  so  intensified 
as  to  be  heard  all  over  the  lecture-room.  The  lecturer  produced 
some  glass  globes  of  various  sizes,  with  a  small  and  short  tube 
opening  from  the  one  side,  adapted  to  fit  into  the  ear,  and  a  larger 
and  much  shorter  tube,  intended  to  communicate  with  the  open  air, 
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exactly  opposite  to  it,  which  were  glass  copies  of  Helmholtz's 
resonators.  By  sounding  pitchforks  of  varying  depth  of  tone 
opposite  the  holes  in  the  resonators,  the  particular  resonator 
corresponding  to  any  fork  could  at  once  be  detected  by  the  manner 
in  which  it  intensified  its  vibrations.  With  the  assistance  of 
resonators  of  this  remarkably  convenient  form,  Professor  Helmholtz 
has  ascertained  that  loud  strains  of  the  human  voice,  in  singing, 
present  a  series  of  higher  overtones,  up  to  the  fifteenth  and  sixteenth, 
of  extraordinary  brilliancy  and  richness. 

The  lecturer  then,  by  means  of  a  drawing  of  the  larynx,  from  the 
laryngoscope,  shewing  a  view  of  the  glottis  in  singing,  explained 
the  discoveries  made  by  a  German  lady — Madame  E.  Seiler — on  the 
motion  of  the  various  parts  of  the  larynx  in  the  production  of  the 
chest  register,  the  falsetto  voice,  and  the  head  register.  By  means 
of  a  vibrating  free  reed,  placed  in  a  tube  through  which  a  current  of 
air  wafl  caused  to  pass,  an  imitation  was  given  of  the  manner  in 
which  the  tones  of  the  human  voice  were  first  described  as  being 
produced  by  Kratzenstein,  and  were  afterwards  more  perfectly  imi- 
tated by  Professor  Willis.  It  was  shewn  that,  by  placing  a  tube  as 
a  resonator  of  variable  length  over  the  pipe  containing  the  reed,  the 
overtones  could  be  intensified  or  shut  off,  and  at  the  greatest  limit 
of  the  length  of  the  resounding  tube,  the  fundamental  note  of  the 
reed  is  greatly  enriched.  A  tube  of  the  proper  length,  shaped  like 
a  cone,  was  shewn  to  intensify  all  the  overtones  of  a  free  reed,  in 
the  highest  degree;  and  hence  the  shape  of  the  mouths  and  tubes 
of  horns,  and  of  the  speaking  trumpet,  is  made  conical.  The  action 
of  the  lips  in  sending  a  blast,  without  musical  sound,  through  a 
trumpet,  resembles  the  action  of  the  glottis  in  the  larjnx  in  the 
whispered  voice ;  the  hollow  in  the  mouth  corresponding,  in 
whispering  the  vowels,  to  the  feebly,  and  yet  quite  distinctly 
reverberating  interior  of  the  trumpet. 

The  manner  in  which  Professor  Willis,  about  the  year  1829,  suc- 
ceeded in  imitating  the  vowel  sounds  most  successfully,  was  by  the 
use  of  a  '*  free  reed,"  or  an  elastic  metallic  tongue  vibrating  quite 
through  an  orifice.  By  placing  a  resonating  pipe,  capable  of  being 
shortened  like  a  telescope  tube,  over  a  tube  containing  such  a  reed 
as  that  used  by  Professor  Willis,  it  can  be  shewn  that,  when  the  tube 
is  too  long,  the  reed  could  not  be  made  to  "  speak."  Having  here 
a  reed  which  makes  about  1,000  vibrations  in  a  second,  shorten- 
ing the  tube  to  about  2^  inches  clear,  a  sound  is  first  produced 
which  all  in  this  room  will  recognize  as  distinctly  resembling  the 
vowel  sound  A  {Ah),     Shortening  the  tube  still  ftirther,  or  by  open- 
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ing  a  hole  in  its  side  with  tlie  finger,  the  sound  E  is  produced. 
By  means  of  a  deeper  reed,  the  first  sounds  produced,  when  the  tube 
was  shortened  to  about  4  or  5  inches,  Professor  Willis  found  to 
resemble  the  sounds  of  the  vowels  Oo  and  O ;  when  the  tube  was 
further  shortened,  the  vowels  Ah  and  E  were  produced  on  its  attain- 
ing the  same  lengths  as  with  the  reed  pipe,  now  shewn  in  this  illus- 
tration. Professor  Willis  concluded  from  his  experiments  that  free 
reeds  of  a  sufficient  depth  of  pitch,  strengthened  by  particular  lengths 
of  pipe,  produce  very  satisfactory  imitations  of  the  sounds  of  the 
principal  vowels  Oo,  O,  Ahy  and  finally  Ee.  The  lecturer  then 
stated  the  results  of  Helmholtz's  analysis  of  vowel  sounds,  shewing 
the  characteristic  sound  of  each  vowel  to  be  one  or  more  musical 
notes  of  absolutely  fixed  pitch,  whose  positions  were  shewn  in  a 
diagram  of  the  ordinary  stave  in  the  treble  clef.*  Illustrations 
were  given  by  means  of  the  glass  sphere  resonators,  shewing  that 
the  resonator  corresponding  to  a  particular  note,  when  any  vocal 
sound  was  made  through  it,  tended  to  produce  the  particular 
vowel  sound  which  Helmholtz  had  discovered  to  be  characterized 
by  especial  intensity  of  that  note. 

The  lecturer  then  said  that  an  explanation  is  perhaps  given  by 
Helmholtz's  discovery,  that  the  mouth  resounds  certain  fixed  notes 
for  particular  vowels,  of  the  obvious,  but  not  otherwise  very  easily 
intelligible  fact,  that  the  vowels  can  not  only  be  pronounced  when 
speaking  aloud,  but  also  with  equal  distinctness  in  whispering,  when 
air  is  simply  urged  through  the  glottis,  like  the  wind  over  the  tongue 
of  a  dumb  reed,  with  an  unperiodical  flutter.  The  rates  of  vibration 
characteristic  of  the  different  vowels  are  made  regular  and  audible, 
in  this  case,  by  the  resonance  of  the  oral  cavity,  shaped  in  the  pecu- 
liar form  required  to  strengthen  the  same  notes,  and  to  utter  the 
same  vowels  as  in  speaking  them  aloud.  An  experiment  was  then 
shewn,  which  made  visible  to  the  eye  the  state  of  vibration  of  the  air, 
caused  by  the  different  sounds  of  the  human  voice,  the  apparatus 
for  which  was  designed  and  constructed  by  Professor  Helmholtz, 
and  Mr.  Koenig  of  Paris.f  The  apparatus  consisted  of  a  gas-tube,  ter- 
minating in  a  cap  and  jet,  through  which  a  stream  of  gas  was  forced, 
passing,  in  the  cap,  over  a  stretched  membrane  placed  at  the  end  of 

*  By  a  mistake  in  drawing  the  dia^i^m  Bhewn,  the  stave  having  been  inad- 
vertently drawn  with  six,  instead  of  with  five  lines,  the  recognition  of  the 
notes,  although  lettered,  to  prevent  confasion,  was  rendered  rather  difficult 
and  puzzling. 

t  By  the  kindness  of  Sir  William  Thomson,  the  lecturer  was  permitted  to  use 
and  to  exhibit  the  action  of  the  instrument. 
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a  short  heaiing-tube.  The  membrane  and  gas-jet  are  made  to  vibn 
by  vocal  sounds  uttered  in  the  mouth  of  the  tube.  Opposite  the  . 
was  a  plane  mirror,  revolving  about  an  axis,  which  is  purposely  i 
somewhat  obliquely  to  the  perpendicular  of  the  reflecting  plane, 
that  the  mirror,  when  revolving  rapidly,  presents  to  the  view 
iniftge  of  the  light  carried  so  swiftly  round  in  a  circle  that  t 
impression  produced  ujton  the  eye  is  that  of  an  unbroken  ring, 
long  as  the  gas  flame  remains  steady.  When  the  voice  causes  t 
membrane  to  vibrate,  the  circle  is  broken  up  into  rows  of  tee 
more  or  less  in  number,  according  to  the  higher  or  lower  pitch  of  i. 
■voice.  The  use  of  a  single  miiTor,  set  at  an  angle  with  a  revolvii 
axis,  permita  the  form  of  the  teeth  to  be  more  minutely  studied  thi 
the  arrangement  of  four  mirrors  upon  the  sides  of  a  revolving  cut 
with  which  the  agitations  of  the  jet  are,  on  the  other  hand,  rath 
more  plainly  visible  to  a  large  audience.  The  study  of  the  fori 
of  the  flame-teeth,  the  lecturer  said,  was,  however,  surrounded  1 
difiiculties  which  had  not  yet  permitted  him  to  use  them  succet 
fully  for  the  analysis  of  the  vowel  sounds.  That  the  number  of  tl 
teeth  is  generally  doubled,  in  passing,  without  change  of  pitch,  fro 
Oo  to  O,  and  that  the  teeth  are  still  more  numerous  with  Ah,  whi 
it  remains  the  same  in  passing  from  Oo  to  Ee,  are  ezperimen 
which  may  be  easily  confirmed,  when  a  note  of  a  particular 
suitable  pitch  is  chosen,  and  the  sounds  are  well  sustained.  Fro 
another  valuable  series  of  experiments  of  Professor  Helmholl 
which  will  now  be  described,  the  two  notes  Bt>,  in  the  bass  cit 
appear  very  suitable,  when  sung  with  a  loud  voice,  for  the  distin 
production,  in  their  higher  overtones,  of  the  eharaeteristio  vowt 
notes. 

In  order  to  produce  the  vowel  sounds  by  a  direct  imitation  of  the 
characteristic  notes,  a  set  of  eight  tuning-forks,  in  a  harmonic  serie 
rising  ^om  the  lowest  Bt*,  last  mentioned,  to  its  third  octave;  an 
secondly,  a  similar  series,  rising  from  the  upper  BI»,  in  the  bass  oil 
to  its  third  octave,  were  caused  to  vibrate  by  magnets,  with 
rapidly  intermittent  electric  current,  before  suitable  resonators;  tl 
loudness  of  their  sound  being  controlled  by  small  screens  attach* 
to  keys,  coming  between  the  forks  and  the  resonators,  so  as  to  sh' 
out,  or  to  admit  the  sound,  and  to  allow  it  to  be  reinforced  in  tu 
ous  degrees.  Although  the  characteristic  vowel-notes  are  not  t 
exactly  contained  either  in  the  first  or  in  the  second  series  of  tl 
magnetic  tuning-forks,  yet,  by  sounding  with  especial  force  all  tl 
overtones  in  one  of  the  scries  which  nearly  coincide  with  the  high 
ones,  and  with  subdued  strength,  the  bass  note  and  other  harm 
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nics  of  the  series  adjacent  to  the  lower  fixed  note  of  any  vowel 
intended  to  be  imitated,  a  sound  of  mixed  quality  was  produced,  in 
which  the  particular  vowel  character  could  be  distinctly  recognized. 

From  the  foregoing  illustrations,  the  office  of  the  mouth  and 
t^hroat,  in  flEushioning  the  natural  tones  of  the  voice,  admits  of  a 
satisfactory  explanation.  When,  as  in  whispering,  a  strain  of 
agitated  air  without  sound  enters  their  cavity  from  the  glottis, 
one  or  more  notes  of  fixed  pitch  (according  to  the  particular  vowels 
which  the  speaker  intends  to  utter)  become  clearly  discernible,  from 
the  effect  of  resonance  of  the  air  enclosed  in  their  sonorous  chamber. 
The  characteristic  notes  (simple,  and  combined)  of  the  different 
vowel  sounds  in  the  German  _ 

language,  analyzed  by  Pro- 
fessor Helmholtz,  are  shewn 
on  the  accompanying  stave. 
When,  on  the  other  hand,  the 
breath  is  urged  through  the 
vocal  chords,  strung  to  speak 
or  to  sing  aloud  a  certain  note^ 
the  same  resonance  of  the 
oral  chambers,  as  before,  gives  special  emphasis  to  the  partial  tone 
of  the  notes  which  are  nearest  to  the  fixed  note,  or  notes  of  the 
vowel  chosen  to  be  uttered  by  the  voice ;  and  in  this  manner  the 
double  resonance  of  the  mouth  and  throat  is  most  frequently 
employed  to  give  a  vowel  character  to  the  note  j  but,  in  the  open 
vowels  TJ,  O,  Ahy  they  form  but  one  chamber,  and  their  resonance  is 
that  of  the  simple  notes  represented  in  the  above  figured  stave. 

The  passage  in  Professor  Helmholtz's  work,  which  was  the  imme- 
diate subject  of  these  considerations,  will  now  be  fully  understood. 
It  states  that  if  the  vowel  Ah  is  sung  upon  a  note  which  is  a  twelfth 
below  the  fixed  note  that  is  characteristic  of  that  vowel,  the  upper 
sound  which  is  reinforced  is  the  twelfth,  or  the  second  overtone  of 
the  fundamental  note;  but  if,  on  the  other  hand,  the  vowel  should 
be  sung  an  octave  below  its  characteristic  note,  the  second  partial 
tone,  or  first  octave  above  the  fundanfental  note,  is  the  particular 
harmonic  of  the  vocal  sound  which  is  reinforced.  When,  in  order 
to  test  the  accuracy  of  the  above  description,  a  series  of  harmonic 
sounds  was  formed  upon  the  upper  of  the  two  B's  in  the  bass  stave  as 
a  fundamental  note,  it  was  found  by  Professor  Helmholtz  that  a 
distinct  TJ  was  obtained  from  the  lowest  of  these  sounds  alone.  A 
perfect  O  was  produced  when  this  note  was  rendered  weaker,  but 
accompanied  strongly  by  its  first  higher  octave,  and  with  a  slight 
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addition  of  the  twelfth,  or  third  tone  of  the  series.  The  sound  Ah 
was  produced  by  the  same  notes,  of  which  the  second  and  third 
were  moderately  strong;  and  the  fourth  and  fifth  notes  were 
strongly  added,  to  complete  the  perfect  vowel  sound.  In  experi- 
ments with  the  same  series,  and  with  another  series  of  tuning-forks 
of  lower  pitch,  the  strongest  harmonics  of  the  mixed  sounds  shewn 
to  possess  the  vowel  characters,  were  those  adjacent  to  the  dis- 
tinctive vowel-notes.  They  coincide  very  closely  in  every  important 
point  with  the  description  given  of  the  vowel  sounds  by  Professor 
Tyndall,  quoted  at  the  beginning  of  this  paper;  while,  for  more 
complete  information  on  the  subject,  it  appears  to  have  been  the 
author's  intention  to  refer  the  reader  to  further  experiments,  and 
to  recent  discussions  of  this  interesting  question,  by  an  appendix,  in 
which  some  of  the  foregoing  references  and  extracts  from  the 
valuable  treatise  of  Professor  Helmholtz  would,  perhaps,  for  the 
first  time,  have  been  presented  to  his  readers  in  an  English  dress. 

Propessor  Sir  William  Thomson  said,  that  the  improvement 
made  in  the  apparatus  of  Helmholtz  and  Koenig,  of  substituting  a 
single  inclined  mirror  for  a  number  of  mirrors,  was  a  very  valuable 
one,  since  it  would  make  it  possible,  if  a  steady  speed  of  rotation 
were  maintained,  to  count  the  vibrations  in  the  different  notes;  and 
it  would  also  serve  other  important  purposes. 

Mr.  Colin  Brown  stated,  as  a  peculiar  fact,  that  the  number  of 
vibrations  in  the  note  F,  in  the  bass  stave  (which  Helmholtz  had 
found  to  be  the  fundamental  note  corresponding  with  the  vowel  U), 
was  a  common  divisor  of  the  number  of  vibrations  in  all  the  other 
notes  of  the  scale.  Mr.  Eobert  Brown,  of  Fairlie,  had  found  that  F 
was  the  fundamental  tone  in  harmony,  and  it  was  the  tone  from 
which  alone  the  scale  could  be  derived.  The  sound  of  free  air,  also, 
as  the  sound  of  the  wind  when  whistling  freely,  seemed  to  be 
characterized  by  the  tone  of  F. 

After  some  further  remarks,  suggesting  practical  applications  of 
the  gas-vibroscope  to  illustrate  the  elementary  principles  of  harmony, 
by  Mr.  Miller  and  others,  the  subject  dropped. 
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X. —  The  Theory  of  the  Death  Bate,  with  Measurements  of  the 
Comparative  Force  of  Mortality,  in  Glasgow  cmd  other  Cities, 
By  Mr.  James  R.  Macfadten,  Fellow  of  the  Faculty  of 
Actuaries  in  Scotland. 


Head  before  the  Society,  February  22,  1871. 

In  commencing  a  paper  devoted  to  an  examination  of  the  principles 
that  should  guide  us  in  calculating  the  comparative  force  of 
mortality  in  various  places,  taking  more  especially  for  illustration 
the  City  of  Glasgow,  it  seems  almost  necessary  to  apologize  for 
once  more  bringing  before  this  Society  a  subject  so  often  previously 
discussed  by  it,  and  which,  consequently,  must  have  to  it  all  the 
tedium  of  twice-told  tales.  We  can  only  plead — unfortunately  the 
plea  is  but  too  valid — the  vital  importance  the  death  rate  has  to 
this  community,  and  the  hope  we  have,  that,  despite  the  various 
able  addresses  that  have  been  delivered  on  this  topic  from  this 
platform,  the  ground  has  not  yet  been  wholly  occupied,  and  that 
we  may  possibly  to-night  bring  the  matter  before  you  from  a  some- 
what different  point  of  view. 

In  considering  the  question  of  a  city's  mortality,  with  the  object 
of  lessening  the  ravages  of  death  in  the  midst  of  it,  the  natural 
order  of  setting  about  it  seems  to  us  to  be  as  follows  : — First,  we 
have  the  collection  of  the  {&cts  by  the  Registrar.  Next,  the  classi- 
fication and  arrangement  of  these  {kcta  by  the  statistician  or  actu- 
ary, who  accordingly  acts  as  death's  historian,  shews  where  he 
slays  his  thousands,  where  his  tens  of  thousands,  what  age  or 
sex  feels  his  power  most  intensely,  what  weapon  he  uses  here,  and 
what  there.  The  medical  man  next  takes  up  the  problem,  and 
points  out  under  what  conditions  the  various  prevailing  diseases 
have  their  origin  and  virulence;  and,  lastly,  the  engineer,  the 
architect,  the  sanitary  reformer,  have  the  duty  of  waging  war  on 
these  conditions,  and  destroying  them.  Speaking  broadly — ^for 
there  is  no  fixed  line  of  demarcation  between  any  of  these  depart- 
ments— this  is  the  order  in  which  the  task  must  be  undertaken;  and 
the  branch  of  it  to-night,  to  which  we  shall  more  particularly  direct 
our  attention,  is  the  second — the  statistical — the  one  of  all  others 
that  in  the  present  state  of  the  matter  seems  to  us  most  requiring 
study. 

Let  us  now  proceed  to  the  examination  of  the  method  by  which 
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the  force  of  mortality  is  measured.     The  probability  of  any  given 
event  is  expressed  by  the  fraction  which  has  for  numerator   the 
number  of  chances  of  the  event  happening,  and  for  denominator 
the  number  of  chances  both  for  and  against  it;  or,  in  other  words,  the 
likelihood  of  any  occurrence  is  the  ratio  of  the  number  of  chances 
favoui'able  to  it  to  that  of  the  whole  number,  both  favourable  and 
unfavourable.     Thus  the  chance  to  a  man,  say  now  aged  thirty,  of 
death  in  a  year,  is  expressed  by  the  fraction  whose  numerator  is  the 
number  of  deaths  among  men  of  his  age  in  that  year,  and  whose 
denominator  is  the  number  of  men  living  at  age  thirty,  his  present 
age.     If  this  denominator  were  a  fixed  quantity,  subject  only  to 
diminution  or  increase  at  the  close  of  each  year,  this  fr«.ction  would 
also  represent  the  death  rate  or  force  of  mortality  in  that  year 
among  men  aged  thirty.     But,  of  course,  the  denominator  is  not  a 
constant  but  a  variable  quantity,  changes  in  the  numbers  alive 
continually  taking  place ;  we  therefore  cannot  express  the  death 
rate  as  the  chance  of  death  in  a  given  year;  for,  in  the  fractions  by 
which  the  two  things  are  indicated,  though  the  numerators  are  the 
same,  yet  the  denominators  are  different, — ^that  of  the  chance  of 
death,  being  the  number  of  men  living  aged  thirty,  that  of  the 
death  rate,  the  number  of  men  at  risk  through  a  whole  year,  aged 
thirty  to  thirty-one.     If,  then,  we  take  the  population  as  a  whole 
of  any  city,  and  apply  this  principle,  we  shall  have  its  death  rate 
per  1,000  expressed  by  the  formula — 

Deaths  in  the  city 
'        Total  population  at  risk* 

It  is  by  this  formula  that  the  Registrar-General  Calculates  the 
death  rates  of  the  various  towns  in  those  weekly  Returns  which  are 
so  familiar  to  us  all  from  the  newspapers.  And  it  is  principally  on 
the  evidence  frimished  by  these  statements  that  much  that  has  been 
said  on  our  local  shortcomings  in  sanitary  measures  has  been  based. 

To  those  who  argue,  from  the  comparative  position  of  Glasgow 
in  those  Returns,  that  there  must  be  a  very  large  preventible 
mortality  in  it,  we  would  merely  wish  to  point  out  that  this  is  not 
neceasarili/  true.  An  examination  of  the  formula  will  elucidate  our 
meaning.  It  is  obvious  that  the  mortality  varies  with  the  age.  If, 
then,  one  city  has  a  larger  proportion  than  another  of  lives  that, 
in  consequence  of  their  ages,  must  have  a  high  mortality,  it*  may 
happen  that  the  town  which,  by  the  preceding  formula,  has  the  larger 
death  rate,  is  actually  the  better  of  the  two  as  to  health.  As  illus- 
tration :  the  death  rate  of  infants  is  very  high  under  any  circum- 
stances.    Say,  then,  one  borough  has,  in  proportion  to  its  population. 
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a  much  greater  number  of  little  children  than  another,  and  it  must 
have  a  higher  death  rate,  though  possibly  the  healthier  of  the  two. 
The  preceding  formula,  then,  and  the  ordinary  manner  in  which 
the  death  rate  is  presented  to  us,  assume  that  the  numbers  at  risk 
at  the  various  ages  are  in  like  proportions  in  each  city.  Again, 
females  have,  on  the  whole,  a  more  favourable  mortality  than  males ; 
consequently,  the  towns  in  which  the  ratio  they  bear  to  the  popula- 
tion is  over  the  average  will,  in  these  statements,  have  an  unfjEur 
advantage  over  their  neighbours,  which  are  not  so  fortunate  in  this 
respect. 

So  much  for  circumstances  actually  affecting  the  accuracy  of  these 
Returns  as  a  measure  of  the  death  rate.  Some  sanitary  reformers, 
however,  go  further,  and  seem  to  consider  that  if  a  city  stands  very 
badly  in  these  statements,  that  there  must  be  in  it  great  neglect  of 
sanitary  requirements.  This,  however,  is  not  neceaamily  true.  It 
is  only  from  comparison  with  other  places  that  the  position  of  any 
given  borough,  as  to  mortality,  can  be  determined,  and  that  compari* 
son  is  worthless,  unless  the  cities  compared  are  in  practically  similar 
positions.  But  one  town  may  have  a  greater  proportion  of  its  in- 
habitants engaged  in  occupations  that  from  their  very  nature  are 
unhealthy,  than  another  has.  In  such  a  case  the  death  rate  must  be 
higher  in  the  former,  though  all  matters  pertaining  to  health  be 
equally  attended  to.  Again,  since  riches  undoubtedly  tend  to  lon- 
gevity, cities  in  which  wealth  is  more  evenly  diffused  will,  in  these 
statements,  have  an  advantage.  The  circumstances  through  which 
we  might  pursue  the  comparison  are  endless,  and  might  almost  seem 
to  you  like  reducing  the  whole  affair  to  i^  absurdity.  Our  sole 
object  in  pointing  out  this  is  to  shew  that  too  much  may  be  made  of 
these  Returns.  They  shew  a  great  deal,  but  not  everything.  We  do 
not  undervalue  them;  but  neither  do  we  consider  that  they  can  be 
taken  as  definitely  settling  the  sanitary  state  of  the  principal  towns. 
A  bad  position  in  them  does  not  necessarily  argue  great  neglect  on 
the  part  of  municipal  authorities ;  and,  above  all,  these  statements 
do  not  leave  matters  in  such  a  condition  that  remedial  steps  can  at 
once  be  set  about.  The  diagnosis  of  the  disease  is  not  sufficiently 
far  advanced  for  that.  These  published  death  rates  ought  not  then 
to  be  considered  otherwise  than  as  a  rough  measure  of  the  force  of 
mortality  in  the  various  cities. 

Let  us  now  proceed  to  examine  the  method  we  ought  to  adopt  in 
order  to  free  our  Returns  from  the  effects  of  varying  proportions  of 
age  and  sex.  Canying  out  the  principles  formerly  laid  down,  we 
find  the  death  rate  per  1,000  in  any  population  P  is 
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1,000  f  number  dying  between  ages  0  and  1     , 
n      Vn umber  at  risk  during  first  year  of  life 

number  dying  between  ages  1  and  2      4.   +p  \ 
number  at  risk  during  second  year  of  life  / 

where  n  is  the  number  of  terms.  This  formula,  applied  separately 
for  males  and  females,  picks  out  from  every  city,  not  1,000  peraons  in 
such  proportions  as  to  age  and  sex  as  the  city  contains,  but  1,000 
males  or  1,000  females,  an  equal  number  taken  from  each  age  in 
every  place  under  review. 

As  on  this  formula,  and  on  the  one  previously  given,  all  owe  cal- 
culations of  the  death  rate  are  founded,  it  may  be  well  to  throw  them 
into  an  algebraic  form. 

Let  Iq,  l^y  l^y  &c.,  be  the  numbers  living  at  ages  0,  1,  2,  &c.,  and  (|, 
h^f  fo|,  &c.,  be  the  mean  numbers  living  throughout  the  year,  the 
deaths  will  consequently,  between  ages  0  and  1,  be  (^o-^*  between 
ages  1  and  2  (^  -  y,  and  so  on.  Let  n,  as  before,  be  the  total  number 
of  terms,  or  in  other  words,  the  age  next  birthday  of  the  oldest  living 
person.  Then  we  have,  by  our  last  given  formula,  the  death  rate 
per  1,000:— 

1,000  (h  -  h  ^  hz^  ^  h-h  ^       ^-A 

n      \    l^  li^  Iqi  Z»_  |/' 

The  force  of  mortality,  when  found  in  this  way,  we  shall  call  the 
arudyticdl  death  rate,  as  it  takes  into  consideration  the  age  and  sex. 

By  the  formula  usually  employed,  and  the  one  by  which  the  ordi- 
nary calculations  of  the  Registrar-General  are  made,  we  have,  since 
in  the  1,000  persons  whose  death  rate  is  considered  the  number 
at  each  age  is  in  the  same  proportion  as  in  whole  city,  if  number 
alive  among  the  1,000  of  mean  age  0  -  1  =  \  the  mean  number 

of  the  1,000  between  ages  1  and  2,  or  '^^  ^  7j  ^,      Similarly,  'l^  = 
7i  -5,  and  so  on.     Therefore, 

7j  +  7/ii+  'h^+  •^•yh^=(^h  +'hi+  ^-^X^i)  =  1,000  .-. 

7  1,000 1^  .         1,000^,1 

4  =  T~T1 — TT — .    — 7 » *^^  hh  therefore  is  j '-j *— -,  and 

4  +  ^1*  +  ^  +  ••••  ^  —  J  4  +  w*  +  etc. 

so  on  with  other  ages.  But  the  rate  of  mortality  of  a  life  of  mean 
age  0  is  ^  ,  ^  .  •.  the  rate  of  the  'Iq  people  alive  among  the  1,000, 

«*  o«^  n  •        I'OOO  /|       /o  -  ^     1,000  Oo  -  y         ^     .    .,    ,       , 

at  age  0,  is = * —  -^^  =  ^ -^ — ^;  and  similarly  the 

4  +  q|  +  ....      «|  «|  +  /i|  +  .... 
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number  of  deaths  may  be  found  for  the  other  ages.     Therefore,  the 
total  death  rate  of  the  1,000  will  be 

1,000  (/q-/^)     ^    1,000  (^^-g  1,000  (^,,i) 

=  -J v-^ ~ =  death  rate  per  1,000  in  city  of  stationary 

population,  no  account  being  taken  of  ages. 

This  method  of  calculation,  which,  as  we  have  previously  said,  is 
simply  the  division  of  the  deaths  per  1,000  by  the  total  risk  popu- 
lation, we  shall  call  the  "aggregate"  death  rate,  as  it  takes  the 
people  en  massey  without  regard  to  age.  We  are  aware  the  words 
"  aggregate  death  rate''  are  often  used  to  denote  the  death  rate  of  the 
whole,  when  those  of  various  parts  are  given ;  but  still  it  seems  to 
us  the  best  term  for  our  purpose,  and  confusion  can  scarcely  arise 
from  employing  it  as  is  here  done. 

We  have  now  got  our  formulae  tlieoretically,  but  we  are  not  yet  in 
a  condition  to  apply  them.  The  records  of  the  Registrar  will  furnish 
the  one  element,  the  number  of  deaths  in  any  given  yearj  but  where 
are  we  to  get  the  corresponding  risk  population?  It  is  neither  the 
number  at  the  beginning  nor  yet  at  the  end  of  the  year, — ^immigra- 
tion and  emigration,  births  and  deaths,  are  continually  affecting 
our  calculations.  To  all  great  cities,  the  words  of  the  "  Earth  Spirit" 
in  Faust  are  applicable.  Each  is  "an  ocean  of  unending  wave."  In 
each  "the  swelling  flood  of  life  is  flowing  hither  and  thither."  It  is 
necessary,  then,  to  make  some  allowance  for  these  fluctuations.  This 
is  ordinarily  done  by  assuming  that  every  person  dying,  every  one 
bom,  every  immigrant  and  every  emigrant,  is  subject  to  the  risk 
for  one-half  the  period  of  observation, — a  correct  assumption  in  the 
not  improbable  event  of  all  entrances  and  departures  being  spread 
equally  over  the  whole  period  under  examination.  Thus,  if  P  = 
population  at  beginning  of  period,  and  T  that  at  end  of  it,  if  B  = 
births,  D  =  deaths,  I  =  immigrants,  and  E  =  emigrants,  then  the 

ICisk  population  =  P  + ^r =  — - — , 

since  T  =  P  +  B  +  I  —  D  —  E.  That  is,  the  risk  population  at  a 
given  age  a;,  in  any  year,  on  the  assumption  of  an  equal  distribu- 
tion of  entrances  and  departures,  is  the  number  eqxddistant  between 
that  at  beginning  and  that  at  end  of  year — i,  6.,  is  the  number  living 
in  the  middle  of  the  year  aged  between  x  and  (a;  +  1),  that  is,  Ix  ^  \. 
We  have  now  arrived  at  the  conclusion  that,  whether  the 
B^gi^^gAte  or  analytical  death  rate  be  wished,  the  number  of  lives 
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at  risk  taken  is  to  be  that  at  the  middle  of  the  year.     The  next 
question  that  meets  us  is,  How  is  the  population  at  this  time  to  be 
ascertained  ?     The  Census  is  at  present  our  only  reliable  basis.     A 
few  days  ago  the  PaM  Mall  Gazette,  in  a  leader,  advised  us  to  get  rid 
of  the  trouble  of  Census-taking,  and  the  asking  of  impertinent  ques- 
tions about  people's  ages,  by  the  simple  process  of  sending  to  Somerset 
House  a  record  of  the  births  and  deaths  throughout  the  country,  it 
remaining  with  the  officials  there  to  make  up  the  population  estimates 
from  them.     This  recommendation  of  the  PcUl  MalTs  is  characteristi- 
cally in  unison  with  those  made  by  "the  mob  of  gentlemen  who 
write  with  ease"  on  scientific  subjects  by  the  help  of  a  quarter  of  an 
hour's  consultation  of  a  Cyclopaedia,  or  similar  authority.     If  the 
statists  at  Somerset  House  found  all  that  was  requisite  for  the 
taking  of  a  Census  in  the  birth  and  death  Ketums,  they  already 
have  the  materials  for  it.     But,  unfortunately,  more  is  required; 
and  even  with  the  advantage  of  previous  enumerations,  the  PtUl 
Mall  Gazette's  recipe  for  a  Census,  though  possibly  available  for 
the  whole  country,  will  fail  for  the  various  cities  and  districts  in  it, 
as  the  fluctuations  of  the  population  in  them  are  great,  and  the 
defects  of  the  English  registration  system  are  glaring.      In  this 
last  point  we  are  touching  on  a  matter  very  often  overlooked  by 
statisticians  in  comparing  the  Returns  furnished  by  England  and 
Scotland.     And  yet  the  imperfections  of  the  English  Register  are 
such  as  to  put  comparison,  on  various  subjects,  all  but  out  of  the 
question.     The  Scottish  Registration  Act  compels  Returns  under 
penalties;   the   English  Act  is  simply  permissive, — and  the  per- 
mission is  taken  advantage  of  largely — ^not  to   comply,   but   to 
dispense  with  its  provisions.     To  such  an  extent  is  this  carried, 
that,  in  the  Census  Report  of  1861,  it  is  estimated  that  36,000  births 
per  annum  escaped  registration.     We  can  arrive  at  some  idea  of 
the  number  of  births  not  recorded  from  the  excess  of  the  population 
at  the  Census  over  that  which  it  ought  to  be  by  the  Returns ;  but 
the  deaths  not  registered  cannot  be  got  at  in  this  manner,  and  we 
have  no  reason  to  assume  exactness  in  their  record  either, — a  most 
serious  matter  when  we  come  to  compare  the  death  rates  of  English 
and  Scottish  towns,  and  one  that  ought  to  be  remembered  in  looking 
at  the  question.    The  Census,  then,  is  an  absolutely  essential  element 
in  our  calculations,  and  must,  in  some  form  or  other,  be  the  basis  of 
our  estimate  of  the  population  at  risk.    Even  with  it,  however,  unless 
we  are  to  confine  our  investigations  to  the  decennial  periods  of  its 
being  taken,  we  are  obliged  to  consider  what  are  the  numbers 
existing  in  the  various  places  at  other  dates.     Various  methods 
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have  been  adopted  for  this  purpose.     The  Registrar-General  for 
England,  in  calculating  the  population  of  the  various  boroughs,  in 
order  to  ascertain  their  death  rates,  assumes  that  the  numbers  at 
risk  will,  from  year  to  year,  form  a  geometrical  progression,  the 
common  ratio  being  that  of  the  increase  or  decrease  from  1851  to 
1861.    The  Registrar-General  for  Scotland  takes  an  arithmetical  pro- 
gression as  his  basis,  and  from  the  common  difference  arrived  at  by 
a  consideration  of  the  same  Census  Reports,  interpolates  the  numbers 
for  the  various  years  since  that  date.      Locally,  we  have  a  third 
method,  as  our  respected  City  Chamberlain,  Mr.  Watson,  gets  at 
his  numbers  by  taking  the  product  of  the  inhabited  houses,  and  the 
average  number  found  to  exist  in  a  family  by  the  last  Census. 
Which  mode  is  the  most  reliable  1    That  is  a  question  that  seems 
to  us  can  only  be  answered  by  a  practical  reference  to  the  results  of 
various  Censuses,  and  must  be  relegated  to  the  future.     No  doubt, 
a  population  having  a  natural  growth  only — ^by  which  we  mean,  one 
affected  only  by  the  excess  of  births  over  deaths — ^increases  in  geome- 
trical progression;  but  in  great  cities,  immigration  and  emigration 
destroy  this  uniformity.    Mr.  Watson,  in  his  Report  for  1869,  brands 
the  method  of  the  Scottish  Registrar  as  incorrect.     We  confess  we 
are  at  a  loss  to  see  why.     Not  much  can  be  said,  it  priori,  either  for 
or  against  any  of  these  plans,  we  think;  but  we  certainly  do  consider 
that  the  assuming  the  numbers  from  year  to  year  as  forming  an 
equidifferent  or  an  equirational  series  as  likely  to  be  correct  as  the 
method  employed  by  Mr.  Watson  in  his  able  Reports;  and  they  are 
not,  like  it,  liable  to  the  possibility  of  a  very  slight  difference  in 
the  one  fe^ctor  of  the  calculation  deeply  affecting  the  product,  in 
consequence  of  being  multiplied  into  the  other  large  factor.     How- 
ever, whatever  be  the  prinoiple  adopted,  as  they  are  all  founded  on 
the  known  Census  Returns,  the  differences  in  the  results  are  small ; 
and  if,  in  making  our  calculations,  the  same  method  be  adopted  in 
all  cases,  the  possible  inaccuracy  will  have  practically  no  effect  on 
the  comparative  position  of  the  various  places  in  our  deductions. 
In  our  estimates  we  have  followed  the  plan  of  the  Scottish  Registrar- 
General,  and  assumed  that  the  numbers  from  year  to  year  existing 
at  every  age  in  the  various  towns  form  an  equidifferent  series. 
This  we  have  done  solely  for  convenience  sake,  as  by  adopting  it 
we  have  been  enabled  to  press  into  our  service  some  of  the  Scottish 
Registrar-General's  estimates,  and  as,  also,  an  arithmetical  series  is 
more  easily  handled  than  a  geometrical  one.     The  places  to  which 
we  have  applied  it  for  the  calculation  of  the  death  rates,  both  by 
the  analytical  and  aggregate  methods,  are  the  cities  of  Glasgow  and 
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Edinburgh  in  Scotland,  and,  in  England,  the  Registration  Districts 
of  Liverpool  and  West  Derby,  Manchester  and  Chorlton,  and  Sal- 
ford.     The  years  taken  into  consideration  are  those  from  1861  to 
1867  inclusive,  the  latter  year  being  the  latest  of  which  the  detailed 
Reports  have  yet  been  published.     The  yearly  deaths  taken  -were 
the  seventh  part  of  the  total  number, — our  results  are  thus  the 
average  of  the  seven  years,  and  are  consequently  safer  for  general- 
ization than  those  of  any  individual  year — having  a  broader  basis 
to  rest  on.     It  will  be  noticed,  we  say,  that  we  have  in  England 
examined  the  Returns  of  the  Registration  Districts  of  Liverpool  and 
West  Derby,  Manchester  and  Chorlton,  and  Salford,  and  not  of  the 
Borotighs  of  Liverpool,  Manchester,  and  Salford.     We  have  been 
driven  to  this  course,  because  the  Registrar-General  for  England,  in 
his  Reports,  ignores  boroughs  altogether,  and  parcels  the  country 
into  districts,  which,  though  often  called  by  the  names  of  the  cities 
in  them,  may  be  only  parts  of  these  cities,  or  still  worse,  either  part 
or  whole  of  the  city,  and  something  beyond  it.     The  result  of  this 
arrangement  is,  that  it  is  quite  impossible  for  any  one  to  estimate 
the  proper  death  rate  of  the  boroughs  from  these  Returns.     We  sliaU 
illustrate  the  state  of  things  by  a  fJEur  sample  of  the  dif&culty  we 
have  had  to  encounter  in  the  matter.     To  estimate  the  analytical 
death  rate  of  males  in  Manchester,  we  required  the  numbers  living 
at  the  various  ages,  and  also  the  corresponding  deaths  at  each  age. 
The  former  we  arrive  at  by  calculations  founded  on  the  Census 
Returns  for  1851  and  1861, — the  latter  ought  to  be  furnished  by  the 
Registrar's  Annual  Reports.    We  turn  to  these  Reports,  and  find  in 
them  the  death  tables  required  for  a  place  called  Manchester,  but  of 
which  the  population  given  as  existing  in  1861  will  by  no  means 
agree  with  that  of  the  city  of  Manchester  according  to  the  Census. 
A  closer  inspection  of  the  Census  Report  shews  us  that  the  Borough 
of  Manchester  lies  partly  in  the  Registnttion  District  of  Manchester, 
and  partly  in  that  of  Chorlton,  but  that  the  Districts  of  Chorlton  and 
Manchester  together  are  more  than  the  Borough  of  Manchester.    In 
the  Registrar's  Reports,  then,  we  find  the  deaths  belonging  to  the 
Borough  lurk  perdu  among  those  for  these  Districts;  but  as  no  me%ns 
of  separation  are  furnished,  the  exact  death  rate  of  the  city  of  Man- 
chester is  quite  unattainable  by  any  one  from  these  Returns.     The 
same  is  true  of  Liverpool  and  various  other  towns.     This  state  of 
things  is  all  the  more  unsatisfactory,  as  the  information  requisite  is 
actually  in  the  hands  of  the  authorities,  though  not  published, — 
for  there  is  a  table  in  these  Reports  shewing   the   total  deaths 
in  those  Boroughs,  and   the   corresponding  aggregate  death  rate. 
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Let  us  hope  that  since  we  have  got  this  much,  we  may  before 
long  get  the  other  also,  and  the  material  for  a  more  correct  analysis 
of  the  mortality  be  furnished  us.  In  the  meantime,  however, 
observers  like  ourselves  are  obliged,  for  such  places  as  Manchester 
and  Liverpool,  to  take  the  death  rate  not  merely  of  the  urban  popu- 
lations, but  of  the  suburban  also. 

With  this  explanation,  we  shall  now  proceed  to  consider  the 
various  death  rates. 

The  accompanying  Table  shews  that  whether  we  take  the  aggre- 
gate or  the  analytical  death  rate,  Liverpool  is  by  much  the  most 
unhealthy  of  the  towns  under  examination.     That,  according  to  the 
latter  principle  of  measurement,  next  follows  Glasgow,  with  Man- 
chester not  ^v  behind  it.     Next  Salford;  and  lastly,  Edinburgh, 
close  to  Salford.     As  example  of  the  possible  changes  of  position 
that  may  be  effected  by  the  adoption  of  one  or  the  other  principle, 
it  may  be  observed  that  while,  by  the  aggregate  death  rate,  males 
in  Salford  would   have   a  lighter  mortality  than  in  Edinburgh, 
yet  by  the  stricter  analytical  death  rate  the  reverse  is  true.    While, 
too,  it  cannot  be  said  that  there  are  great  differences  in  the  com- 
parative results  by  the  two  methods,  yet  it  appears  that  on  the 
whole  the  aggregate  principle  of  measurement  favours  both  Man- 
Chester  and  Salford,  but  especially  the  latter,  at  the  expense  of 
Glasgow,  Liverpool,  and  Edinburgh;  and  Manchester,  Salford,  and 
Glasgow,  at  the  cost  of  Liverpool  and  Edinburgh.     For  the  years 
under  observation,  then,  the  usually  adopted  method  of  calculating 
the  death  rate  will  give  Manchester  and  Salford  a  somewhat  lighter 
comparative  mortality  to  that  of  Glasgow  than  they  really  possess, 
and   Liverpool  and   Edinburgh  a  somewhat  heavier,  though   the 
difference  in  any  case  is  not  great.     It  will  be  noticed  that  it  is  the 
excessive  mortality  among  little  children  that  gives  Glasgow  the 
unenviable  position  it  holds  of  second  in  the  death  rate ;  as,  for 
males  over  five  years  of  age,  it  is  a  healthier  place  of  residence,  not 
merely  than  Liverpool,  but  also  than  Manchester  or  Edinburgh, 
and  is  nearly  as  eligible    as    Salford.     While   for  females,   over 
infancy,  the   only   alteration   in   this  order  is,  that  it  &lls  also 
below   Edinburgh,   though   still   superior  to   Manchester.      Edin- 
burgh seems  to  have  by  fiar  the  lowest  mortality  among  children, 
and  is  consequently  able,  on  the  whole,  despite  the  great  mor- 
tality amongst  those  over  ^y^  years  of  age,  to  take  the  lowest 
position  of  the  towns  under  observation,  though  certainly  not  so 
low  as  might  be  supposed  to  be  warranted  by  its  comparatively 
small   population.      There   are   various  points  of  interest  in  the 
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death  rates  at  the  Tarious  ages  which,  did  time  permit,  it  might 
be  profitable  to  discuss,  but  which  we  must  not  now  enter  on. 

In  examining  this  Table,  it  ought  to  be  remembered  that  the 
English  Returns  include  suburban  populations,  which  may  be  sup- 
posed to  have  a  lighter  mortality  than  the  Boroughs  proper,  and 
consequently  in  our  calculations  the  mortality  of  the  cities  will  be 
somewhat  under-estimated.     The  same  effect  will  follow  from  the 
deaths  that  escape  registration,  as  the  corresponding  births  do  not 
act  as  a  balance,  the  risk  population  being  calculated  from  the 
Census,  and  is  thus  not  affected  by  the  state  of  the  Register.     On  the 
other  hand,  it  should  be  mentioned  (though  it  will  have  but  a  small 
effect  on  the  death  rate),  that  for  the  English  districts,  to  save  time 
and  trouble,  we  have  not  corrected  the  numbers  living  from  the 
8th  April  to  the  middle  of  the  year.     As  to  the  effect  these  points 
will  have   on  the   mortality  force  measurements  of  the   English 
boroughs,  it  is  impossible  exactly  to  say.     However,  we  cannot  be 
far  from  the  mark  in  stating  that  it  will  probably  bring  up  the  rate  of 
Manchester  to  that  of  Glasgow,  and  leave  Liverpool  still  worse  than 
at  present.     The  result  of  our  inquiry,  then,  is,  that  on  the  whole, 
in  the  death   rate,  Glasgow  and  Manchester  occupy  the  middle 
place  between  Liverpool  on  the  one  hand,  and  Salford  and  Edinburgh 
on  the  other  j  but  that,  except  for  infants,  Glasgow  is  as  healthy 
as  any  of  these  other  towns.     Among  little  children  there,  the  mor- 
tality, however,  is  so  great,  that  Salford  and  Edinburgh  have  (taking 
all  ages)  a  decided  advantage  over  it. 

Having  settled  the  place  of  Glasgow  in  reference  to  these 
Boroughs,  we  shall  (as  it  is  of  more  local  importance  to  us)  for  the 
i-emainder  of  our  paper,  confine  our  attention  to  the  Glasgow  death 
rate  alone,  with  special  reference  to  that  prevailing  in  the  various 
Registration  Districts  of  the  city.  As  in  the  case  of  the  F^nglitih 
Boroughs,  we  have  not  here  thought  it  necessary  to  bring  down  our 
population  numbers  to  the  middle  of  each  year,  and,  for  convenience 
sake,  have  employed  siinply  the  aggregate  mortality  oi  persona.  The 
results  of  our  examination  will  be  seen  in  the  following  Table,  and 
in  the  chart  formed  from  it,  on  which  the  mortality  curves  of 
the  various  districts,  and  also  of  the  city  at  large,  for  the  nine 
years  from  1861  to  1869,  are  described.  We  have  taken,  in  each 
case,  for  our  abscissa  one  year's  time.  Had  we  been  in  a  position 
to  undertake  the  very  laborious  calculations  requisite,  the  curves 
would  have  been  still  more  striking,  if  for  abscissae  we  had  em- 
ployed the  consecutive  weeks  or  months  of  the  period,  as  we 
would  thereby  have  been   enabled  to  shew  the  changes  in  the 
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ordinateSy  not  merely  from  year  to  year,  but  also  within  each  year. 
However,  the  results  as  they  stand  seem  to  us  startling  enough  to 
justify  us  in  laying  them  before  you. 

The  gap  between  the  Blythswood,  and  not  merely  the  High  and 
Central,  where  the  death  rate  is  simply  appalling,  but  every  other 
District,  is  very  great.  In  fact,  the  Blythswood  section  seems  to 
*  have  a  mortality  little  if  any  removed  from  the  healthy  country 
provinces.  The  nine  years'  average  positions  of  the  Districts  are  as 
shewn  in  following  Table. 

As  we  thought  it  might  be  of  some  interest  to  try  to  trace  any 
connection  that  might  exist  between  the  illegitimate  birth  rate  and 
the  death  rate,  we  calculated  the  position  of  the  various  Districts  in 
this  respect  also,  though  only  for  the  seven  years  to  1867;  but  on 
the  whole,  though  running  similarly  in  some  of  the  worst  districts, 
there  does  not  seem  to  be  so  close  a  resemblance  as  to  warrant 
building  on  it.  In  thinking  such  a  connection  might  exist,  we  were 
not  guided  by  the  opinion  that  the  deaths  among  illegitimate 
children  are  more  numerous  than  among  legitimate.  For,  though 
this  is  undoubtedly  true,  we  did  not  consider  it  at  all  adequate  to 
account  for  the  differences  in  the  Districts,  but  we  thought  the  rela- 
tion possible,  because  where  the  vice  and  ignorance  exist  that  favour 
illegitimacy,  they  would  also  favour  the  progress  of  death  and 
disease.  However,  the  preceding  Tables,  and  especially  the  position 
of  the  Blythswood  District,  in  the  two  respects,  shew  conclusively 
that  the  proportion  of  illegitimate  births,  though  probably  having 
an  intimate  connection  with  the  death  rate,  has  other  causes 
affecting  it  which  have  no  concern  with  the  force  of  mortality. 

Returning  to  our  chart  of  the  local  death  rates,  we  find  the  most 
extraordinary  abruptness  and  waywardness  in  our  curves, — a  way- 
wardness, be  it  observed,  the  more  marked  the  more  intense  the 
force  of  mortality,  till  it  finds  its  culmination  in  such  Andes  Peaks 
of  death  as  the  High  District  presents, — where,  in  two  years,  we  pass 
from  a  death  rate  of  forty-nine  to  one  of  thirty- nine,  rising,  however, 
almost  immediately  to  forty-seven.  These  abrupt  transitions  (which 
shew  clearly  that  the  circumstances  swelling  our  mortality  bills  are 
inconstant  in  their  action,  and  therefore  probably  remediable),  are, 
as  we  have  said,  generally  less  marked  in  owe  more  healthy  districts, 
till  in  the  Blythswood  division  the  form  of  the  curve  approximates 
to  that  of  the  city  at  large.  Local  influences,  then,  in  this  District 
have  little  effect  on  the  death  rate.  Zymotic  diseases,  which  are 
undoubtedly  the  chief  agents  of  the  extraordinary  aberrations  of 
the  curves  in  the  worst  quarters,  do  not  effect  a  hold  in  this  favoured 
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section  as  they  do  in  the  Clyde,  Central,  and  High  Districts.  This 
may  arise  from  the  superior  vitality  of  this  the  wealthiest  District, 
or  from  the  fact  that,  when  contagious  diseases  appear,  the  isolation 
of  the  patients  is  more  complete  (an  advantage,  by  the  way,  which 
should,  from  the  different  manner  of  building,  render  the  death 
curves  of  English  cities  more  uniform),  or  it  may  arise  from  a  com- 
bination of  these  circumstances.  Whatever  be  the  cause,  it  seems  to 
us  a  most  suggestive  fact,  that  the  angularity  increases  with  the  death 
rate,  and,  we  think,  it  is  a  most  hopeful  one  for  sanitary  reformers. 
In  considering  the  curves  formed  by  the  Central  and  High  Dis- 
tricts, it  ought  to  be  remembered  that  the  Infirmary  and  other 
public  institutions  are  contained  in  them,  and  that  their  death  rates 
are  swelled  by  a  mortality  drawn  to  a  certain  extent  from  the  city 
at  large.  However,  making  all  allowances  for  this,  their  bad  pre- 
eminence will  still  remain,  and  they  still  will  be  hx  ahead  of  the 
other  Districts. 

It  will  be  observed  in  the  chart  that  the  curves  do  not  in  any  of 
the  Districts  take  a  precisely  similar  course.  They  all  bend  upwards 
unfortunately,  but  they  cross  and  recross  each  other,^-one  District 
shewing  a  temporary  improvement,  while  another  is  getting  worse. 
This  is  a  very  curious  circumstance,  and  seems  to  indicate  that  local 
as  well  as  general  causes,  such  as  temperature,  have  a  large  effect 
on  the  death  rate.  It  would  be  not  merely  an  interesting  but  a 
most  useful  study  to  take  up  the  various  Districts  for  the  period 
under  observation,  examining  into  the  state  of  trade  and  the  indus- 
tries in  each  of  them,  the  diseases  prevalent,  and  any  local  circum- 
stances that  may  be  thought  to  have  a  bearing  on  the  question,  and 
attempting  to  trace  any  possible  connection  between  these  matters 
and  our  curves.  No  doubt  the  general  causes  would  to  a  certain 
extent  mask  the  local,  but  still  we  think  the  labour  would  be  amply 
rewarded.  However,  that  is  a  task  we  cannot  now  undertake;  and 
we  merely  throw  out  the  suggestion  for  the  consideration  of  some 
future  student  of  our  local  statistics.  There  is,  however,  one  great 
difficulty  to  be  encountered.  The  Glasgow  Kegistration  Districts 
are  fiar  too  large  for  any  close  analysis  in  this  way.  Each  of  them 
is  a  city  in  itself.  We  believe  much  more  useful  data  for  local 
sanitary  purposes  would  follow  were  a  minute  subdivision  of  our 
Kegistration  Districts  made,  and  the  death  rate  and  peculiar  circum- 
stances of  each  subdivision  examined.  This  we  consider  much  the 
best  method  of  arriving  at  practical  results,  and  will  help  to  dissi- 
pate the  uncertainty  at  present  experienced  as  to  the  effect  of  any 
experiment  in  the  way  of  improvement.     If  we  desire  to  estimate 
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the  full  weight  and  value  of  the  Act  that  is  making  such  changes 
in  our  overcrowded  districts,  it  is  in  this  way  that  we  can  best 
attain  the  gratification  of  our  wishes.     If  the  division  be  as  minute 
as  it  ought  to  be,  we  have  the  means  of  ascertaining,  not  merely 
whether  the  local  death  rates  in  the  vicinity  of  clearances  have 
been  lessened,   but  also  whether,  as  has  been  asserted,  there  has 
been  caused  by  these  openings  up, — such  huddling  together  else- 
where as  to  create  a  mortality  counterbalancing  the  good  effected. 
In  fact,  what  on  the  Continent  is  called  a  cadaster,  is  a  thing  most 
imperatively   called   for, — a   minute   subdivision  of  the  city — ^the 
population  to  each  part — their  occupations,  ages,  birth  and  death 
rates,    and    all    those    particulars    that    students  of   the    public 
health  so  much  desiderate,  but  which  they  so  very  seldom  obtain. 
Having  this,  we  would  be  in  possession  of  a  gauge  of  the  value  of 
our  remedial  measures.     Without  it,  sanitary  reformers  are  in  the 
position   of  physicians  with  patients  whose  diseases  they  cannot 
fathom,  and  on  whom  the  eifect  produced  by  their  prescriptions 
they  are  not  allowed  to  see.     With  this,  the  pestilence  would  no 
longer  walk  in  darkness,  and  some  vantage  ground  would  be  gained 
in  the  battle  with  death.    Without  it,  we  strike  at  random,  missing, 
perhaps,  as  often  as  we  hit. 

We  have  alluded  to  the  general  tendency  upwards  in  the  years 
tinder  observation  of  the  death  curve.  This  is  true  of  all  the  dis- 
tricts, and  is  also  the  case  with  Scotland  at  large.  We  are  passing 
through  a  period  of  gi*eat  intensity  of  mortality.  The  death  curve 
seems  not  merely  to  have  maxima  and  minima  points  from  year  to 
year,  but  over  a  series  of  years  there  will  be  a  general  tendency 
upwards,  and  then  a  similar  one  downwards.  A  wave  of  death  has 
in  this  way  swept  over  the  country.  We  may  ventiire  to  hope, 
perhaps,  that  we  are  now  entering  its  hollow,  and  that  1869  was  its 
crest.  Whether  this  be  the  case  or  no,  can  only  be  determined 
by  the  experience  of  the  future.  That  experience  should  be  em- 
ployed, not  merely  as  the  lantern  in  the  stem  of  the  ship,  throw- 
ing a  narrow  track  of  fire  on  the  billows  already  past,  but  rather 
as  the  beacon-light  warning  from  dangers  yet  to  come.  Our  pre- 
sent system  of  registration  does  little  more  for  us  than  the  former. 
Such  subdivision  as,  following  the  lead  of  abler  statists,  we  here 
advocate,  would  tend  towards  securing  for  us  the  latter  benefit. 
In  time  we  doubt  not  that,  profiting  by  the  example  of  other 
countries,  a  more  thorough  system  of  registration  will  be  established, 
and  the  advantages  flowing  from  the  study  of  statistics  will  be 
better  understood  and  appreciated.     Science  in  this  direction  is  yet 
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'  in  its  infancy.  The  things  it  has  been  doing  are  but  earnest  of  what 
it  yet  shall  do.  And  though  it  be  not  reserved  to  human  effort  to 
conquer  death  or  stay  disease,  and  though  the  ''  people  must  still 
perish  for  lack  of  knowledge/'   yet  in  this  branch  of  science  we 

-  believe  that  man  has  the  means  of  lessening  the  ravaires  of  the 
dertroyer,  of  rendering  more  nearly  true  wox5s  of  the  latin  poet 

^ .  — at  present  only  true  in  a  most  limited  sense — ^that  hovel  and  palace 
hear  death's  knock  equally. 

Bailie  Morbison  said  there  was  one  very  practical  suggestion 
;;  made  in  the  paper — viz.,  the  division  of  the  city  into  small  areas,  for 
» the  purpose  of  ascertaining  the  death  rate.  Pondering  over  the 
\  question,  without  having  the  least  idea  that  Mr.  Macfadyen  was 
I  going  to  suggest  that  plan,  he  had  proposed  in  the  Health  Commit- 
:  tee  that  the  whole  city  should  be  divided  into  small  areas,  to  find 
out  whether  in  any  particular  part,  and  in  what  part,  the  excessive 
j  mortality  arose.     There  were  many  things  that  removed  firom  his 

ml 

mind  the  alarm  in  regard  to  the  great  mortality  in  Glasgow.  One 
of  these  was  the  greater  inaccuracy  of  registration  in  the  towns  in 
England  as  compared  with  Glasgow.  There  was  one  circumstance, 
however,  to  which,  above  all  others,  he  attributed  the  higher  death 
rate  in  Glasgow,  and  that  was,  that  Glasgow  had  in  recent  years 
prospered  above  every  other  city  in  the  kingdom.  It  was  only  300 
jears  since  we  stood  ninth  in  Scotland  in  population;  now  we  stood 
third  in  importance  in  the  United  Kingdom.  The  reason  for  this 
vas  perfectly  obvious,  and  had  a  great  deal  to  do  with  our  high 
mortality.  Situated  as  we  were  in  the  centre  of  a  populous  mining 
district,  we  had  a  very  large  industry  which  attracted  to  the  city  an 
enormous  floating  mass  of  what  we  might  call  low-class  population. 
Thia  was  perhaps  more  peculiar  to  Glasgow  than  to  Liverpool  or 
Manchester.  In  various  manufactories  in  Glasgow,  there  were 
large  numbers  of  men  brought  from  the  country  with  little  or  no 
idea  of  domestic  comfort,  who  had  been  accustomed  to  share  their 
cabin  with  the  poultry  and  other  animals,  and  to  pay  very  little 
attention  to  sanitary  matters.  These  habits  could  be  indulged  in 
with  perfect  impunity  in  their  native  glens,  where  they  had  the  pure 
air  of  heaven  to  protect  them  from  the  results.  But  the  importation 
of  these  habits  into  Glasgow  produced  consequences  which  greatly 
increased  the  death  rate.  The  great  mortality  in  the  central  district 
was  caused  to  some  extent  by  overcrowding  of  houses,  by  their  being 
built  too  closely  together,  as  well  as  by  the  individual  houses  being 
overcrowded  with  people.  In  the  course  of  some  years  the  former 
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cause  would  be  removed,  and  he  hoped  that  there  would  be  an 
improvement.  In  the  northern  district  the  overcrowding  in  the 
Havannah,  and  the  state  of  the  Molendinar,  had  something  to  do 
with  the  mortality. 

Mr.  Mayer  thought  there  was  an  important  thing  in  connection 
with  the  d&th  rate  of  Liverpool  which  had  not  been  taken  notice 
of.  The  years  taken  in  included  the  two  years  during  which  there 
was  an  enormous  death  rate  from  cholera.  In  connection  with  the 
low  infantile  death  rate  in  Edinburgh  of  children  under  five  years 
of  age,  it  should  be  remembered  that  there  was  a  very  large 
population  of  retired  people  there,  whose  existence  exercised  a 
considerable  influence  on  the  returns. 

Mr.  Melvin  drew  attention  to  the  fact,  that  in  England  the 
registration  of  illegitimate  births  was  not  compulsory,  as  it  was  in 
this  country,  and  therefore  it  was  very  unfair  to  compare  the  one 
country  with  the  other  in  this  respect. 

Bailie  Morrison  said  that  those  parties  who  were  interested  in 
the  sanitary  condition  of  the  city  would  be  glad  to  hear  that  the 
district  in  the  northern  portion  of  the  city  was  all  being  rapidly 
acquired  with  the  purpose  of  remodelling  it  so  as  to  improve  its 
sanitary  condition.  The  little  lanes  running  down  from  the 
Molendinar  were  all  to  be  rem6delled,  and  the  bum  itself  covered 
up.  He  thought  this  would  remove  the  blight  from  that  part  of 
the  city.  In  order  fairly  to  estimate  the  population  at  present  in 
the  districts  to  be  operated  on,  it  was  intended  to  divide  them  into 
blocks,  and  on  a  map  to  label  each  block  with  the  number  it 
contained,  and  thus  shew  at  one  view  the  density  of  the  population. 

Mr.  W.  R.  W.  Smith  referred  to  a  speech,  made  about  two 
years  ago  at  the  Police  Board,  by  the  late  Dean  of  Guild,  Mr. 
M'Ewan,  and  to  certain  statistics  in  that  speech,  as  shewing 
very  high  death  rates  in  certain  districts  as  arranged  by  Dr. 
Gardiner;  and  said  that  one  of  the  districts  in  which  the  highest 
mortality  occurred  was  that  through  which  the  bum  ran  which 
carried  off  the  refuse  firom  M'Farlane's  distillery.  Another 
district  of  the  same  character  was  that  through  which  the  i>ot 
ale  from  Messrs.  Bulloch,  Lade,  k  Oo.'s  was  carried  off.  He 
found  that  there  was  500,000  gallons  of  this  passed  down  per 
week,  containing  50  tons  of  dry  material,  all  of  which  ran  into  the 
Kelvin.  It  was  a  very  curious  thing  that  in  the  very  district 
through  which  this  sewer  passed  there  should  be  such  a  high  death 
rate.  Of  course,  it  was  coupled  with  other  matters  that  came  down ; 
but  it  was  curious  that  there  was  the  high   death  rate  in   the 


S— FOR  EACH 


JOFaT 

fayJr 


DmbBal 
perl,oa 

15-408 

I8-181 


19-651 
20023 
18149 
16-267 
17-840 
21-285 


middle  of  Ymt. 


•1—' 

o 

c 

-a 

o 

:2 

a, 

11 

4- 


or 


Discussion  on  Mb.  J.  R.  Macfadten's  Theory  of  Deaih  Bate.   441 

district  where  the  one  sewer  passed  through,  and  then,  after 
passing  over  some  of  the  poorest  districts,  it  shewed  itself  again 
where  the  other  passed.  Dr.  Wallace  had  stated,  in  giving  the 
analysis,  that  the  quantity  of  ammonia  contained  in  this  matter 
was  equal  to  that  arising  from  a  population  of  40,000. 

Mr.  Dunlop  thought  that  before  coming  to  the  conclusion  that 
the  pot  ale  was  the  cause  of  the  high  mortality,  they  should  reflect 
that  the  highest  mortality  occurred  in  the  summer  months,  when 
the  sewers  were  less  flushed.  He  was  much  struck  with  the  &ct 
that  while  the  death  rate  in  London,  of  children  under  one  year, 
was  very  nearly  as  high  as  ours,  it  would  exceed  ours  if  -the  birth 
rates  were  equal  to  that  in  Glasgow.  In  dividing  Glasgow  into 
districts,  as  proposed,  for  the  purpose  of  taking  the  rates,  it  would 
be  important  to  have  a  separate  birth  and  death  rate  analysis. 

Mb.  Smith  explained,  in  answer  to  some  observations,  that  he 
did  not  wish  to  say  that  the  pot  ale  was  the  cause  of  the  high 
mortality  of  Glasgow.  He  only  wished  to  state  that  the  death  rate 
was  higher  all  through  the  district  the  pot  ale  ran;  and,  further, 
it  was  only  where  the  sewer  was  shut  up  that  this  was  the  cas^-— 
not  where  it  ran  open,  as  in  the  Kelvin.  In  winter  the  people 
were  forced  to  go  into  their  houses,  and  there  breathed  the  bad  air 
from  the  sewers,  and  hence  the  higher  death  rate  from  that  cause 
in  winter. 

Councillor  Collins  had  often  been  struck  with  the  low  death 
rate  of  Newcastle,  which  was  as  smoky  as  Glasgow. 

Dr.  Fergus  would  like  to  know  what  mode  they  had  of  disposing 
of  their  excreta  in  Newcastle.  There  was  infinitely  more  smoke 
there  than  in  Glasgow,  and  45  per  cent,  of  all  the  alkali  manu- 
factured in  the  United  Kingdom  was  made  there.  They  poured 
the  refuse  from  all  these  works  into  the  river  in  a  much  more  oflensive 
state  than  was  done  in  this  city,  and  yet  the  salmon  came  up  the 
river.     The  only  difierence  he  knew  was  in  regard  to  the  excreta. 

Mr.  M'Teab  said  that  the  immense  current  on  the  Tyne  must 
produce  a  very  large  amount  of  ventilation.  The  chemical  works 
in  Newcastle  proper  were  very  few,  but  they  extended  down  the 
river  for  miles.  He  had  seen  salmon  caught  quite  near  to  a  pipe 
pouring  into  the  river  chloride  of  manganese. 

Db.  Lyon  very  much  doubted  whether  it  could  be  proved  that 
oflensive  smells  produced  disease.  The  inhabitants  of  Broomielaw 
were  as  healthy  as  those  of  any  other  district  of  the  city. 

The  Pbesident  thought  that  the  connection  of  temperature  with 
the  death  rate  had  been  much  overlooked. 
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Ms.  Mactadtks  hATing  made  a  iew  remarki  in  replj  to  lome  of 
the  obaerratioiiA.  the  subject  was  dropped. 


XI. — On  mym0t  SoHretM  &f  Error  in  Voiutnetric  Analj^mt,    Bj  Robekt 

R.  Tatlock,  F.R,S.E,  F.C.S. 


AIm^m:!  of  a  Paper  md  to  the  Chemical  Sectaon.  19Ui  December,  1S70. 


The  object  of  this  note  is  to  point  oat  a  few  of  the  nuuiT  sources  of 
error  in  Volometric  Analysis,  and  to  indicate  the  best  means  of 
aT<Hding  them.  The  aocnrate  and  observant  experimenter  will  find 
little  that  is  new  in  what  I  have  to  bring  forward ;  but,  at  the  same 
time,  I  intend  to  refer  mainly  to  such  circomstanoes  as  are  bat  too 
freqaentlj  overlooked  by  the  ordinary  analyst. 

In  the  first  place,  I  woald  seek  to  direct  attention  to  a  soorce  of 
error  which,  so  fiu*  as  I  can  ascertain,  has  hitherto  been  overlooked 
by  chemists.  It  arises  firom  the  &ct  that  saline  solations  contract, 
as  a  role,  when  mixed  with  water,  the  extent  of  the  decrease  in 
Tolame  depending  on  the  natare  of  the  saline  substance  dissolTed, 
as  well  as  on  the  strength  of  the  solution.  This  &ct,  although  it 
does  not  seem  to  have  been  recognized  in  principle  till  within  a 
comparatively  recent  period,  appears  to  have  been  discerned  in 
practice  for  a  very  long  time  back ;  as  otherwise  there  would  have 
been  no  necessity  for  the  elaborate  tables  shewing  the  proportions  of 
salts,  of  acids,  and  of  alkalies  in  solutions  of  different  densities,  with 
which  many  chemical  works,  even  of  old  date,  are  amply  provided. 
Much  misapprehension  prevails,  even  at  the  present  time,  regard- 
ing the  nature  of  solution,  but  more  particularly  in  connection  with 
its  effect  on  volume.  In  the  Chemical  New9  of  15th  July,  1870, 
we  find  a  paper  by  S.  Beswick,  of  Boston,  U.S.,  calling  atten- 
tion to  the  circumstance  that  Swedenborg  was  the  first  to  announce 
that  when  saline  substances  were  dissolved  in  water,  there  was 
no  increase  in  btdk,  the  volume  of  the  solution  being  exactly  the 
same  as  that  of  the  water  employed, — a  doctrine  which  was  after- 
wards promulgated  by  Dalton.  The  author  of  that  paper  seems  to 
take  the  doctrine  for  granted,  and  claims  for  Swedenborg  the  honour 
or  credit  of  the  discovery.     A  very  superficial  glance,  however,  will 
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shew  that  the  hypothesis  is  altogether  a  mistake;  for,  if  it  were  true, 
the  density  or  specific  gravity  of  a  saline  solution  would  at  once  indi- 
cate the  proportion  of  solid  matter  it  contained,  which,  we  know,  is 
very  far  from  being  the  case.  On  the  contrary,  it  has  been  shewn  by 
Persoz  that  the  volume  of  a  saturated  saline  solution  is  just  the 
volume  of  the  water  phie  the  volume  of  the  salt.  It  is  also  certain 
that  when  the  saturated  solution  is  mixed  with  water,  a  reduction 
in  volume  takes  place, — the  sum  of  the  volumes  of  the  saline  fluid 
and  the  water  being  appreciably  more  than  that  of  the  product  after 
diffusion  has  occurred.  This  fact  may  be  made  apparent  in  various 
ways.  For  example,  if  we  mix  together  equal  volumes  of  a  salt 
solution  of  any  given  gravity,  and  of  water,  and  test  the  gravity  of 
the  resulting  mixture,  we  find  it  higher  than  that  of  the  mean, 
which  of  itself  demonstrates  that  contraction  has  taken  place,  and 
we  have  thus  a  most  refined  method  of  determining  the  cvnwvmt  of 
condensation,  by  accurately  taking  the  gravities  of  the  solutions  at 
difierent  strengths.  The  actual  shrinking  may  be  seen  by  half- 
filling  a  large  bulb  of  known  capacity,  provided  with  a  long,  narrow 
graduated  stem,  with  saturated  solution  of  common  salt,  and  care- 
fully filling  completely  to  one  of  the  marks  on  the  narrow  neck, 
with  water,  taking  care  that  the  liquids  do  not  diffuse.  The  level 
of  the  water  having  been  accurately  observed,  by  swaying  the  flask 
to  and  fro  for  some  time,  in  order  to  mix  the  two  liquids,  the  fluid 
is  seen  to  run  down  the  stem  to  such  an  extent,  that  with  a  bulb 
capable  of  holding  1  litre,  and  having  a  stem  of  1  centimetre 
internal  diameter,  a  difference  of  level  of  from  10  to  15  centimetres 
may  be  observed.  Nor  is  this  diminution  in  volume  due  to  the 
slight  reduction  in  temperature  which  is  usually  observed  to  accom- 
pany the  diffusion,  as  that  is  generally  too  small  to  account  for  any 
appreciable  alteration  in  volume.  I  have  made  very  many  trials  of 
various  saline  solutions  in  this  direct  way,  but  the  following 
example — that  of  sulphate  of  ammonia,  which  is  selected  on  account 
of  its  giving  unusually  marked  results — ^will  serve  to  give  some  idea 
of  the  extent  of  these  contractions : — 


Volome  of 
Snlph.  Amm. 
Solatlon  oaed. 

Volune  of 
Water  used. 

SpecMo  Gra- 

▼fty  of  Snlph. 

AmnLSolaaoxL 

SoUd  Matter 

per  cent  by 

Weight. 

SoUd  Matter 

per  cent  by 

Volume. 

Contraction  per 

cent  of  Total 

Volume. 

1 

1 
1 
3 

1 
1 
1 
1 

1-2500 
11394 
10756 
1-2500 

43-5 
24-5 
13  5 
435 

543 
27-9 
14-5 
54-3 

1165 
'361 
-115 

•787 
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The  dimination  in  bulk  which  takes  place  when  yarious  fluids  are 
di£Piised  in  water  is  well  known.  The  practical  distiller,  in  making 
down  a  high  strength  of  spirit  to  a  lower,  expects  to  find  a  smaller 
volume  of  product  than  that  of  the  sum  of  the  two  fluids  used.  It 
is  also  quite  understood  that  strong  sulphuric  acid,  when  mixed 
with  water,  gives  contraction ;  but  I  was  not  prepared  for  the  result 
of  some  experiments  which  shewed  an  immense  contraction,  even 
while  the  fluid  remained  at  100®  0. 

Only  fifteen  years  ago,  Michael  and  Kraflt  denied  that  any 
diminution  in  volume  takes  place  when  saline  solutions  are  mixed 
with  water.  How  they  could  come  to  that  conclusion  in  the  face  of 
the  fact  that  a  mixture  of  given  bulks  of  saline  solution  and  of 
water  is  not  a  fluid  whose  density  is  the  mean  of  the  two,  it  is 
difficult  to  conceive.  Later  experiments  by  Kremers,  SchiflT,  and 
Persoz  shew  that  contraction  takes  place  as  a  rule ;  and  Schifl"  men- 
tions the  curious  circumstance  of  non-contraction  in  the  case  of 
ammonium  chloride.  More  minute  experiments  are  required,  how- 
ever, before  the  latter  exception  can  be  considered  established. 

The  circumstances  attendant  upon  these  effects  are  very  com- 
plicated, and  in  the  present  state  of  science  the  results  cannot 
altogether  be  explained.  In  the  case  of  saline  substances,  the 
shrinking  is  usually  accompanied  by  a  slight  reduction  in  tempera- 
ture, whereas  we  naturaUy  expect  an  elevation,  as  in  the  examples 
of  alcohol  and  of  sulphuric  acid.  According  to  observations  by 
John  Tatlock,  sugiu:  solutions  and  glycerine  solutions  contract  and 
give  heat  on  diffusion  with  water. 

What  the  analytical  chemist  has  chiefly  to  do  with,  however,  is 
the  effect  of  these  contractions  on  the  accuracy  of  his  results,  -when 
that  has  to  depend  to  any  extent  upon  the  solution  of  a  salt,  and  the 
accurate  division  of  the  solution.  In  the  ordinary  analysis  of  a 
mixture  of  saline  substances,  such  as  a  commercial  potash  salt,  the 
method  usually,  and  very  properly,  followed  is  to  dissolve  the 
substance  in  water,  and  filter  into  a  measuring  flask.  The  filter 
having  been  washed  till  the  flask  is  half-full,  or  more,  the  solution  is 
made  up  accurately  to  the  mark  with  water,  and  is  then  thoroughly 
mixed.  It  is  obvious  that  contraction  must  here  take  place,  and 
that  if  we  do  not  take  this  into  account,  we  shall,  when  we  proceed 
to  divide  the  solution  by  pipettes,  actually  draw  off  a  somewhat 
stronger  solution  than  if  no  contraction  had  occurred.  It  is  hardly 
necessary  to  observe  that  this  error  may  to  a  great  extent  be 
obviated, — 1st,  by  using  as  weak  solutions  as  })ossible,  as  it  is 
manifest,  from  the  example  given,  that  strong  solutions  contract  far 
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more  for  a  given  weight  of  solid  substance  than  weak  ones ;  and, 
2ndl7,  by  mixing  the  saline  solution  thoroughly  with  the  water 
before  making  quite  up  to  the  required  bulk. 

Another  source  of  error,  and  one  I  believe  not  often  taken  into 
account,  arises  from  the  fact  that  graduated  vessels  made  to  deliver 
fixed  volumes  of  water  do  not  deliver  exactly  corresponding  volumes 
of  saline  fluids.  Hence  we  do  not  obtain  the  exact  amount  of  solid 
substance  which  we  expect,  if  we  base  upon  the  water-delTvering- 
capacity  of  the  pipette  or  other  vessel. 

The  following  tabulated  statement  of  the  results  of  a  few  trials, 
with  solutions  of  common  substances,  will  shew  that  the  adhesion  of 
a  strong  solution  to  the  glass  surface  is  very  great,  and  quite  suffi- 
cient to  disturb  the  accuracy  of  results  in  most  ordinary  cases.  The 
vessel  used  was  a  pipette  which  delivered  1,000  grains  of  water,  at 
60°  F.,  by  draining  for  10  seconds,  and  then  touching  the  delivered 
wat^r  twice  with  the  extreme  point : — 


Solation  Used. 

Specific 
Gravity. 

SoUdMfttter 

per  cent  by 

Weight 

Pipette  used. 

Weight  of 
SoIntioQ 
delivered. 

Sulphate  of  Ammonia, 
Chloride  of  Potassium, 
Chloride  of  Sodium, 
Sulphate  of  Zin'c,    . 
Chloride  of  Ammonium, 

1-2500 
11812 
1-2072 
1-4264 
10724 

43-5 
24-5 
26-4 
53  0 
260 

1000  vol.  grs. 

19              99 
l»               >» 
II              11 
II               II 

1247-4 
1179-3 
1204-4 
1419-6 
1071-9 

It  is  obvious  from  these  results  that  a  pipette  delivering  1,000 
grains  of  water  does  not,  as  we  should  expect,  deliver  a  quantity 
of  fluid  corresponding  with  the  specific  gravity,  but  sensibly  less; 
and  hence  a  pipette  must  be  graduated  to  deliver,  not  water,  but  the 
partictdar  saline  solution  to  be  employed ;  that  is,  the  volume  of  the 
fluid  delivered  must  be  such  that  the  weight  will  be  identical  with 
the  gravity.  As  in  the  error  caused  by  diffusion-contraction,  the 
diflerence  is  here  much  greater  in  strong  solutions,  for  a  given 
weight  of  solid  salt,  than  in  weak  ones;  but  a  reference  to  the  above 
example  of  chloride  of  ammonium  will  shew  that  the  diflerence 
depends  upon  the  specific  gravity  of  the  solution,  rather  than  on  the 
amount  of  solid  matter  which  it  contains.  Weak  solutions  are 
therefore  to  be  preferred  in  all  cases. 

Another  source  of  error,  but  one  more  generally  recognized,  arises 
from  the  fact  that  saline  solutions  expand  more  than  water  for  equal 
increments  of  heat,  and,  as  a  necessary  consequence,  contract  more 
than  water,  by  reduction  of  temperature.     The  expansion  increases 
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rerj  rapidly  with  the  strength  of  the  solution;  so  that  we  should 
either  work  as  near  to  the  standard  temperature  as  possible,  or, 
where  that  is  not  admissible,  with  weak  liquors. 

The  author  next  referred  to  the  defects  of  graduated  vessels,  as 
usually  sold,  and  exhibited  and  described  an  apparatus  devised  by 
Mr.  James  Chalmers,  of  Iquique,  Peru,  by  which  a  tube,  although 
of  unequal  calibre  throughout,  could  be  graduated  so  that  each 
division  delivered  exactly  an  equal  volume  of  the  same  fluid. 


XII. — Note  upon  ScienUfie  EdueaUon  in  National  Elementary  Schools. 

By  Henbt  W.  Cbossket,  F.G.S. 


Bead  before  the  Sodety,  March  S,  1871. 


I  DO  not  propose  to  enter  upon  the  questions  of  political  organiza- 
tion and  sectarian  management  involved  in  the  establishment  of 
a  national  system  of  education.  The  election  of  School  Boards, 
with  authority  to  levy  a  rate,  will,  under  any  circumstances,  direct 
public  attention  to  Parochial  and  National  Schools.  Up  to  this  time 
educational  subjects  have  been  very  much  regarded  as  matters  of 
technical  dispute  between  the  Privy  Council  and  teachers  and  man> 
agers  of  schools,  while  institutions  such  as  the  Philosophical  Society 
have  taken  little  interest  in  the  standard  of  teaching  throughout 
the  country. 

In  the  midst  of  the  outcries  of  contending  sects,  the  calmer  voices 
of  learned  societies  should  now  be  heard  insisting  upon  the  neces- 
sity of  securing  a  certain  amount  of  scientific  education  for  all 
classes  of  the  community.  The  necessity  of  affording  at  least 
elementary  scientific  education  in  every  national  school  rests  upon 
many  grounds,  both  industrial  and  sociaL  The  elements  of  science, 
taught  by  specimen  and  diagram,  especially  quicken  the  activities 
of  a  child's  mind.  There  must  be  a  certain  amount  of  drudgery  in 
mastering  the  rudiments  of  knowledge;  but  science  gives  an  insight 
of  educational  value  into  the  world  which  will  be  opened  when  the 
weariness  of  task-work  is  overcome.  No  one  can  exaggerate  the 
mental  life  which  would  be  aroused  in  a  Highland  school  on  the 
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shore  by  the  introduction  of  a  microscope,  or  a  lesson  on  the  habits 
of  the  common  objects  of  the  sea.  The  mental  discipline  of  science 
is  as  real  as  that  afforded  by  any  other  branch  of  study;  and 
schools  should  offer  methods  of  discipline  adapted  to  different 
orders  of  minds.  I  do  not  propose  to  take  part  in  the  old  fight 
between  classical  and  general  culture,  but  venture  to  put  this  third 
proposition — ^that  all  minds  cannot  be  cultivated  in  the  same  way ; 
and  that  the  best  achievements  of  many  will  be  in  another  direction 
than  classics.  Lessons  in  science  will  create  scientific  tastes  of  the 
largest  social  value.  The  miner,  the  fisherman,  the  quarryman  in 
the  country,  the  operative  and  the  clerk  in  the  town,  will  find  a 
new  interest  in  life,  and  live  in  a  world  of  nobler  interests.  A 
merely  technical  training  for  business  purposes  will  not  supply  the 
want  of  an  early  awakening  of  scientific  tastes.  The  introduction 
of  science  into  educational  training  will  prevent  it  from  being  re- 
garded merely  as  a  clever  way  of  making  more  ingenious  machinery, 
and  render  it  a  culture.  I  need  not  remind  this  society  that  the 
most  useful  discoveries  have  really  sprung  from  the  most  abstract 
speculations.  I  am  advocating,  therefore,  not  merely  a  technical 
education,  to  make  man  a  better  machine  for  the  making  of  better 
machines  (important  as  this  undoubtedly  is),  but  a  higher  and 
nobler  culture,  out  of  which  technical  skill  will  naturally  spring. 
Assuming  the  importance  of  scientific  education  in  national  schools, 
I  desire,  especially,  to  invite  the  attention  of  the  Philosophical 
Society  of  Glasgow  to  the  method  by  which  it  may  be  secured ; 
because  Scotlcmd  is  prepared  to  do  what  it  will  take  many  years 
of  labour  to  persuade  the  educationalists  of  England  is  possible 
or  even  desirable. 

During  my  recent  residence  in  England,  I  have  been  more  and 
more  impressed  with  the  advantages  which  have  accrued  to  Scotland 
from  two  things,  which  I  trust  she  will  never  permit  what,  although 
an  Englishman,  I  must  call  English  meddling^  to  take  away  or  ham- 
per: — (1.)  The  range  of  subjects  taught  at  parochial  schools,  so  that 
they  lead  to  the  University ;  (2.)  The  penetration  of  University  cul- 
ture to  every  rank  of  life,  so  that  the  aristocracy  of  knowledge  has 
a  chance  of  conquering  the  accidents  of  fortune.  Through  these  two 
causes  the  introduction  of  scientific  training  in  national  schools  will 
become  comparatively  easy,  if  bodies  like  the  Philosophical  Society 
will  exert  their  just  and  honourable  influence.  There  is,  how- 
ever, a  document  called  ^'The  'Revised  Code;"  and  there  is  an 
Administrative  ''  Department."  The  genei^l  public  and  members 
of  learned  societies  have  regarded  disputes  between  this  mysterious 
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<' Department "  and  schoolmaBterSy  about  the  ''Code,"  rather  as 
professional  squabbles  than  matters  of  serions  concern* 

The  time  is  rapidly  approaching  when  a  Department  and  a  fieTiaed 
Code,  speciallj  arranged  for  Scotland,  will  become  of  supreme  impor- 
tance to  all  men  interested  in  the  higher  education  of  the  people.  The 
Bevised  Code,  whidi  up  to  this  date  has  been  in  force  in  England, 
makes  pecuniary  results  dependent  on  examinations  in  a  series  of 
standards :  in  Scotland,  although  the  pecuniary  clauses  do  not  apply, 
the  examinations  are  taken. 

Few,  probably,  are  aware  of  the  astounding  simplicity  of  the 
highest  or  Sixth  Standard,  as  compared  with  the  demands  of  any 
German  School,  or  with  any  Standard  of  real  education  ;  yet  even 
this  proves  a  hard  stumblingblock. 

In  the  £nglish  examinations  of  1869,  1870,  taking  children  over 
ten,  out  of  every  100  only  63*5  passed  without  fiedlure,  although 
118,809,  or  44*6,  were  examined  in  the  three  lower  standards;  while 
those  who  passed  without  fjedlure  in  the  three  higher  standards 
were  only  32  out  of  the  100  ! 

Out  of  every  1,000  children  qualified  by  age  and  attendance^ 
only  98  were  presented  in  the  two  higher  standards,  in  place  of  319, 
who  ought  to  have  been  prepared  to  pass  such  an  examination  at 
the  close  of  what  must  be  to  most  of  them  their  brief  period  of 
school  life.  There  is  a  common  practice  of  keeping  back  from 
examination  the  children  who  are  duly  qualified  by  age  and 
attendance,  or  of  presenting  them  in  standards  too  low  for  their 
age. 

In  addition  to  the  **  Standards,"  some  specific  subjects  of  secular 
instruction  are  provided  for  in  the  time-tables  of  the  schools,  and 
are  also  subjects  of  examination;  but  the  advantages  of  securing 
a  large  number  of  passes  are  greater  than  those  to  be  derived 
firom  carrying  on  the  education  of  the  school  to  any  high  special 
attainments. 

Let  us  see  how  the  system  of  examination  in  the  **  Standards " 
works  in  Scotland. 

With  respect  to  the  three  kinds  of  schools  which  have  undergone 

the  test  of  the  Standard  Examinations — parocliicdf  privately  endUnoed^ 

subscription — ^in   the   subjects   that  go  bet/and  the   standards,   the 

advantage  is  assignable  to  the  parish  schools.     (Gordon's  lUport 

for  1869,  p.  371.) 

The  parochial  teachers  are  qualified  to  give  instruction  in  these 
subjects;  ''they  have  pleasure  and  a  certain  pride  in  occupying 
themselves  in  such  subjects;  they  desire  to  keep  up  the  traditionary 
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character  of  the  schools;  and  in  this  they  are  generally  supported 
by  the  people,  well  pleased  to  have  a  school  of  that  order  among 
them." 

This  higher  instruction,  however,  ia  languishing,  because  there 
are  no  pecuniary  advantages  derivable  from  it.  To  keep  back 
within  certain  limits  doubtful  pupils,  produces  no  loss,  while  it 
increases  the  percentage  of  passes;  so  that  the  suspension  of  the 
pecuniary  part  of  the  Revised  Code  in  Scotland  tends  to  diminish 
the  presentations,  especially  in  the  higher  subjects. 

Mr.  Kerr  reports  in  his  district  (p.  391)  that  Geography  and 
Grammar  are  taught  in  almost  all  the  schools,  not  probably  to  the 
same  extent  as  before  the  introduction  of  the  Revised  Code,  but  still 
satisfactorily.  **  These  branches  are  naturally  regarded  as  only 
second  in  importance  to  the  standard  subjects;  but  the  cases  are  few 
where  they  are  sacrificed." 

Is  it  not  a  deterioration  to  have  them  sacrificed  at  all  ?  and  does 
not  the  commencement  of  this  tendency  shew  a  reversal  of  a  wise 
educational  feeling  1 

The  following  conclusions  appear  justified : — 

(1.)  The  people  of  Scotland  are  generally  proud  of  schools  in 
which  the  higher  culture  is  given. 

(2.)  The  schools  most  nearly  national,  although  under  one 
ecclesiastical  management,  are  really  those  in  which  the  higher 
culture  has  been  most  carefully  retained. 

(3.)  The  general  result  of  the  examinations  in  the  "  Standards " 
has  been  to  deteriorate  the  general  character  of  the  education  of 
the  country. 

I  believe,  therefore,  that  the  introduction  of  higher  subjects 
would  be  satisfactory  to  the  people;  and  that  science  could  take  its 
place  in  Scottish  national  schools,  provided  that  it  is  not  checked 
by  Government  encouragement  of  the  lower  culture  chiefly  or 
only;  and  this  is  the  danger  against  which  practical  warning 
is  needful. 

In  the  new  English  Revised  Code,  scientific  subjects  are  included 
among  those  specific  subjects  for  which  a  grant  of  3«.  per  subject 
may  be  made  for  every  day-scholar,  presented  in  Standards  IV.- VI., 
who  passes  a  satisfactory  examination  in  not  more  than  two  of 
such  subjects. 

Since  these  specific  subjects  include  geography,  grammar,  history, 
<bc.,  it  is  evident  that  the  natural  sciences  stand  little  chance,  when 
not  more  than  two  such  subjects  are  to  be  selected.  Geography, 
grammar,  history,  can  hardly  be  left  out  of  education.     The  method 


of  prodaciiig  re^MKt  IfX  tLe  ki^«r  sUtti^nis  And  ike  snbjecto 
bej^wd  t^m  won^Id.  I  fo^^pssc  be — \asL,  To  izierease  tke  grmnt  (if 
tibe  t jitem  of  p* jUM&t  of  rssiil'Gt  is  popecoatcd;  in  pvoportMMi  to 
tibe  sCAndarsi  Axui  tke  sobjeet.  ±nd.  To  bdiTe  moce  tban  two  exti» 
sabjeet*  iaiAj  \mA  fcr.  It  is  not  ftt  all  ncceflwrr  tlist  tlie  scbool- 
■uMter  thoold  be  tine  se^exkd^  teftdber.  One  sdeotifie  t^'mrher 
mijl^t  Tuh  maaj  idkook. 

The  introdoetiou  of  sdenee  would  cmoae  modem  idiools  to  atmnd 
in  the  same  relation  to  modem  knowledge  tbmt  the  parochial 
schools  oecopied  to  the  state  of  knowledge  at  the  time  of  their 
fcmndation;  and  coold  be  readilj  accompliahed,  if  anj  educational 
partj  has  the  real  oouage  of  an  intdlectnal  purpose.  The  idea  of 
eommofi  schools  for  aMmnon  pe<^4e  pervades  all  KngHah  educational 
legidation.  M j  great  hope  is  that  Scotland  maj  teach  a  better 
lesson. 

I  would  respectlnllj  urge  upon  the  members  of  this  Society  the 
importance  of  exerdsing  the  greatest  watdifulness  that^  under  the 
Code  which  will  be  issued  for  Scotland,  when  the  Lord  Adrocate's 
bUl  becomes  law,  the  standard  of  education  should  be  uplifted,  and 
not  lowered,  and  of  taking  definite  steps  to  secure  the  poaitiTe 
introduction  of  science  into  all  national  sdbools^ 


Discussion  ok  the  Pbecediko  Papeb. 

Mr.  James  R.  Napier  hoped  that  the  encouragement  propoaed  to 
be  given  to  elementary  education  would  be  such  as  not  to  discourage 
the  teaching  of  the  higher  branches.  The  difficulty  of  establishing 
in  the  public  schools  of  Glasgow  classes  for  the  higher  mathematics^ 
so  essential  to  a  successful  engineer,  was  so  great  at  present,  owing 
to  university  arrangements,  as  almost  to  preclude  their  being  taught. 
State  encouragement  to  the  elementary,  and  none  to  the  higher 
branches,  will  certainly  increase  this  difficulty.  It  wiU  virtually  be 
a  tax  upon  those  who  wish  to  increase  their  knowledge — upon  tboee 
who  are  the  pioneers  of  a  nation's  wealth. 

Professor  Younq  was  highly  gratified  that  Mr.  Crosskey  bad 
introduced  the  siibject.  At  the  present  time  it  was  important  for 
them  to  consider  in  what  direction  education  was  to  be  promoted 
during  the  next  five  or  ten  years.  The  evidence  we  had  of  the 
gradual  sliding  down  of  education,  as  conducted  in  many  of  the 
schools  in  the  west  of  Scotland,  was  sufficient  reason  for  its  being 
considered  at  present.     Upon  this  point  he  had  already  expressed 
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his  opinion,  with  what  had  been  considered  perhaps  a  little  coarse- 
ness, in  the  introductory  address  delivered  to  the  University  at  the 
beginning  of  last  session.  The  reason  for  the  strength  of  language 
then  used  was  the  somewhat  deplorable  circumstance  that,  not- 
withstanding the  length  of  time  the  regulations  had  been  in  exist- 
ence for  raising  the  character  of  the  preliminary  education  for  medical 
students,  these  men  came  up  just  as  they  used  to  do  five  or  six  years 
ago.  Nay,  there  seemed  rather  a  tendency  in  the  wrong  direction. 
He  had  ascertained  that  the  cause  of  this  was  the  direction  which 
Mr.  Crosskey  had  indicated — the  lowering  of  the  standards  for  some 
years.  Any  one  who  took  the  trouble  of  examining  the  papers 
prepared  by  the  Education  Department  for  some  years  back,  would 
see  how  one  subject  after  another  had  been  allowed  to  slip  out ;  and 
it  was  matter  of  surprise  that  the  Government  net,  so  wide  in  the 
mesh,  did  occasionally  happen  to  trap  an  inefficient  teacher.  This 
opinion  was  not  confined  merely  to  people  who,  like  hipiself,  looked 
at  this  subject  from  the  outside.  Those  who  were  engaged  in  the 
work  had  themselves  borne  abundant  testimony,  and  it  was  to  be 
regretted  that  the  testimony  already  borne  had  received  so  little 
attention.  Two  or  three  years  ago  there  was  a  return  published 
from  the  clergymen  and  heritors  in  Scotland  upon  these  schools,  and 
the  testimony  was  throughout  excessively  strong,  that  the  schools 
had  been  slowly,  steadily  degenerating.  It  was  impossible  to  get  a 
good  system  of  education  so  long  as  the  '^  Revised  Code  ^  was  in 
operation.  Professor  Huxley  had  spoken  of  education  as  a  ladder 
beginning  in  the  gutter  and  ending  in  the  university ;  but  the  ladder 
might  be  a  short  one,  or  it  might  be  a  long  one.  It  was  gradually 
getting  shorter,  and  universities  were  compelled  to  briug  themselves 
nearer  to  the  gutter.  In  the  universities  in  Scotland  there  was  no 
prospect  yet  of  putting  an  end  to  the  existence  of  junior  classes.  It 
was  a  state  of  things  which  every  teacher  was  agreed  should  come  to 
an  end ;  and  those  who  were  compelled  to  undergo  the  drudgery  of 
these  classes  would  be  glad  if  it  did.  This  was  impossible,  so  long  as 
the  schools  remained  in  their  present  condition.  Practical  sugges- 
tions it  was  perhaps  not  easy  to  make ;  and  he  would  feel  it  presump- 
tuous to  make  suggestions  where  he  had  no  practical  experience. 
They  might  stir  up  the  people;  and  it  was  in  this  point  of  View 
that  the  discussion  in  the  Society  was  of  great  value.  He  hoped 
that  it  would  not  be  long  before  the  example  would  be  followed, 
which,  he  believed,  had  been  set  by  one  or  two  bodies  of  school 
managers  in  Glasgow,  to  lay  aside  the  New  Code  and  its  Standards 
altogether. 


4d3  Pi^kmpkieal  SaciOg  ^' Glaajam, 

Mm.  SLltzk  ttiii  he  lad  been  lon^r  iiieuci^asd  wisli  m  adiool  in 
wkieik  ik^  (4»*»rfa.Ln;z  o^  science  sjssrmACballT  ioii  be«iL  a  pffomincikt 
fwtiin».     From   thdU   §ciL*>jL  wLkiL  w:u   ul  ordiiLuy  elementarr 
•eikooL  tLej  li^  ciinii»ti  out  %  onsdeT&ble  iLiiiiLb«r  of  docton, 
aer^r^  of  whoin  iud  pivn'TJ  xHatir  exAmioAtit^ns  in  die  r^niTersitj 
with  mneh  crnih  ^>  theiiLaelvrs^     He  kaxiL«d  tiiac  their  minds  liad 
in  nukUT  caA^a  been  dirKt^ti  in  ciiis  wat  br  she  sGxentijic  instruction 
ther  had  received  in  (he  c»>fme  -^f  their  ordinArr  carricnliun.     He 
might  mentii>n  that  there  had  been  in  *^>er&tion  for  the  l&sx   rwelTe 
j€AF%  in  England.  Sc»>tland.  and  Ireland,  a  sjstem  for  aiding  the 
industrial  claues  of  the  ooontrv  u>  obtain  scientific  instruction ;  and 
this  STstetn  applied  to  elementary  schools  as  well  as   to    public 
institntiona,  whether  the  classses  were  conducted  bj  day  or  in  the 
erening.     Ever  since  this  s^i^tem  had  come  into  operation,  thej 
had  had  papils  examined  bv  Professor  Hoxlev  and  other  eminent 
men  in  other  branches  of  science;  and  he  was  not  ret  informed  that 
this  system  had  been  done  away  with.     The  new  Code  provided  for 
the  introduction  of  science  into  ordinary  schools ;  and  if  the  science 
scheme  was  not  to  be  abolished,  they  would  see  that  there  was  likely 
to  be  a  carious  clashing  of  purposes.    It  was  certainly  not  necessary 
that  the  teacher  of  an  elementary  school  should  be  proficient  in  any 
branch  of  science,  so  that  it  should  be  taught.    It  might  be  arranged 
so  that  persons  who  devoted  themselves  to  science  should  get  the 
teaching  of  these  branches,  so  that  the  ordinary  teacher   mi^t 
receive  Government  aid  for  teaching  the  elementary  branches,  the 
science  teacher  being  |iaid  through  the  Science  and  Art  Department. 
They  found  that  boys  and  girls  of  twelve  years  of  age  were  quite 
able  to  take  in  the  amount  and  kind  of  instruction  that  wrould 
enable    them    to    pass    through    those   very   fine    meshes  wrhicb 
Professor  Huxley  made  for  them.     They  could  not  get  through 
without  knowing  something  both  of  the  facts  and  principles    of 
science;  and  Professor  Huxley  was  careful  to  trap  thent. 

The  President  thought  it  was  of  the  utmost  importance  at 
the  present  time  that  something  should  be  kept  in  view  about 
maintaining  the  Scottish  standard  of  education.  No  doubt,  the 
lowering  of  $i;cottish  education  had  been  due  to  the  action  of 
the  Privy  Council.  The  Privy  Council  Code  completely  traversed 
our  old  Scottish  system  of  having  one  class  of  teachers  for  the  rich 
and  poor.  The  great  difficulty  in  regard  to  teaching  science  in 
common  schools  was  the  want  of  properly  qualified  teachers. 
Unless  natural  science  was  taught  by  means  of  specimens,  and 
by  a  teacher  who  could  demonstrate  his  lessons  in  the  field,  it 
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was  practically  useless.  The  mere  sesthetical  advantages  of  science 
teaching  were  beyond  all  power  of  statement. 

He  highly  approved  of  what  Professor  Young  had  said.  The 
only  way  to  improve  the  schools  was  to  take  away  the  elementary 
classes  from  the  universities.  It  was  in  vain  to  say  that  the 
schools  must  first  be  raised.  The  thing  could  be  done  in  two  or 
three  years  by  the  universities  having  an  entrance  examination,  and 
allowing  none  to  enter  who  could  not  pass  that  examination. 

In  regard  to  the  training  of  those  who  were  past  school  age,  it 
was  proposed  to  make  the  Mechanics'  Institutions  technical  schools, 
and  thus  raise  the  standard  of  knowledge  among  our  workmen.  It 
was  a  question  with  him  if  the  people  of  this  country  could  be 
raised  to  the  ability  of  the  French  and  Italians  in  invention  and 
design.  He  thought  it  was  a  question  of  race.  If  such  tastes  were 
inculcated  at  an  early  age,  a  great  moral  good  was  done,  because 
the  youth  was  given  a  means  of  employing  his  time  so  as  to  keep 
him  from  lower  pleasures. 

Mr.  Napier  proposed,  and  it  was  unanimously  agreed,  to 
appoint* a  committee,  with  powers  to  add  to  their  number,  to 
consider  this  question,  and,  if  necessary,  take  action  in  connection 
with  the  legislation  for  the  teaching  of  science  in  elementary 
schools  in  Scotland. 

Mr.  Crosskey  said  that  the  real  work  for  this  committee  would 
be  to  watch  when  this  Code  was  introduced  into  the  House  of 
Commons,  and  within  two  weeks  of  that  time,  before  it  became  law, 
to  get  some  Scotch  member  to  challenge  it. 

Mr.  Jeffrey  thought  the  President  was  rather  severe  on  the 
universities.  He  did  not  see  that  a  preliminary  examination  of 
students  would  do  any  good.  They  would  merely  be  thrown  back ; 
and  if  the  schools  could  not  give  them  a  proper  education,  their 
progress  would  be  entirely  interrupted.  The  proper  thing  was 
to  raise  the  standard  of  schools,  and  force  the  universities  to 
ascend. 

The  President  said  it  was  never  intended  that  the  higher  pre- 
liminary examinations  should  be  gone  into  at  once,  but  that  the 
schools  should  be  warned  that  such  examinations  were  to  be  held, 
and  the  system  thus  introduced  gradually. 
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XlU.—On  the  Chemical  Constitution  of  Paraffin.  By  T.  K  Thorpb, 
Ph.D.,  Professor  of  Chemistry  in  the  Andersonian  University, 
Glasgow. 

Bend  before  the  Society,  March  13,  1871. 


The  author  reviewed  at  some  length  the  views  which  have  been 
put  forward  respecting  the  constitution  of  paraffin,  and  concluded 
that  the  balance  of  opinion  seemed  in  favour  of  the  supposition  that 
paraffin  is  a  member  of  the  C.  H, .  +  2  series  of  hydrocarbons.     He 
then  proceeded  to  describe  the  residts  which  he  had  up  to  the  pre- 
sent obtained,  in  conjunction  with  Mr.  John  Young,  in  studying  a 
reaction,  which  promises  to  throw  much   light  on  this  subject. 
When  paraffin  is  exposed  to  a  high  temperature  in  a  closed  vessel, 
it  IB  almost  completely  resolved,  with  the  evolution  of  but  little  gas, 
into  hydrocarbons,  which  remain  liquid  at  the  ordinary  temperature. 
This  reaction  was  repeated  on  the  large  scale,  and  from  3^  kilo- 
grammes  of  paraffin,  melting  at  46^  C,  prepared  from  shale,  nearly  4 
litres  of  liquid  hydrocarbons  were  obtained.     The  apparatus  em- 
ployed in  the  conversion  consisted  of  two  cast-iron  mercury  bottles, 
connected  together  by  an  iron  pipe^  in  which  were  fixed  a  stopcock 
and   pressure  gauge.     One  of  the  bottles  was  charged  with   the 
paraffin,  and  was  heated  over  an  ordinary  coal  fire,  the  heat  being 
so  regulated  that  a  pressure  of  20  to  25  lbs.  was  maintained  through- 
out the  operation.     At  first  the  iron  pipe  was  so  inclined  that  the 
products  of  distillation  could  flow  back  into  the  heated  bottle;  but 
after  an  hour's  heating,  it  was  so  arranged  that  the  volatile  portion 
could  flow  over  into  the  second  mercury  bottle,  which  acted  as  a  con- 
denser.    In  about  four  or  six  hours  the  operation  was  concluded, 
and  the  distillate  had  the  appearance  of  a  magma  of  oil  and  unaltered 
paraffin,  melting  at  an  extremely  low  temperature,  the  warmth  of 
the  hand  being  sufficient  to  liquefy  it.    On  distillation  it  commenced 
to  boil  at  18°  C. ;  but  the  quantity  coming  over  below  100*  was  com- 
paratively small, — by  far  the  greater  portion  boiled  between  200*— 
300°  C.     A  preliminary  separation  shewed  that  the  four  litres  were 
made  up  of  hydrocarbons,  boiling  from — 

Litres. 

200'-300°,         ....         2-7 

100«-200°,         ....         1-0 

Below  100*,        ....        0-3 

40 
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The  portion  boiling  below  100®  was  first  attacked.  By  repeated 
rectifications  over  sodium,  this  portion  was  at  length  resolved  into 
three  perfectly  colourless  fractions,  boiling  constantly  at  32°-34®, 
GS'^-eS^,  and  94°-97°.  The  liquid  boiling  between  32°-34'*  may 
either  be  amyl-hydride  or  amylene,  or  a  mixture  of  both.  In  order 
to  decide  this  point,  recourse  was  had  to  the  different  behaviour 
manifested  by  these  bodies  towards  bromine.  To  the  portion  boil- 
ing at  32"-34®,  bromine  was  added  slowly,  drop  by  drop,  so  long  as 
.  it  continued  to  disappear;  as  soon  as  the  colour  of  the  bromine  was 
persistent,  its  addition  was  interrupted.  Bromine  attacked  the 
Uquid  with  great  energy,  each  drop  hissing  like  a  red-hot  iron  on 
coming  in  contact  with  the  hydrocarbon ;  and  it  was  necessary  to 
moderate  the  action  by  cooling  the  liquid  by  a  freezing  mixture  of 
snow  and  salt.  On  submitting  it  to  distillation,  the  liquid  com- 
menced to  boil  at  32**  C,  and  a  small  quantity  came  over  below  50", 
after  which  the  thermometer  rose  rapidly  to  184**,  and  the  whole  of 
the  brominated  compound  came  over  at  184*^-188*'.  This  substance 
is  amylene  dibromide  CgHjoBra,  the  boiling  point  of  which  has 
already  been  determined  by  Wurtz  to  be  about  180**.  The  portion 
boiling  between  32°-50"  yielded,  on  rectification,  pure  amyl-hydride, 
boiling  at  about  34°-35**. 

The  same  experiment  was  repeated  with  the  fraction  boiling  be- 
tween 65o-68<».  This  might  be  hexyl-hydride,  or  hexylene,  or  a 
mixture  of  both.  Bromine  disappeared  instantly  on  adding  it  to 
the  liquid  carefully  cooled,  and  on  distillation,  the  liquid  began  to  boil 
at  64",  and  the  thermometer  rose  rapidly  to  195",  when  the  heavy 
bromine  compound  distilled  over  between  195"-198".  This  was 
hexylene  bromide  C,  Hjj  Br„  the  boiling  point  of  which,  according 
to  Pelouze  and  Cahours,  lies  between  192°-198*. 

The  firaction  boiling  between  94"-97°  may  be  heptyl-hydride  or 
heptylene,  or  a  mixture  of  both.  It  was  heated  with  bromine  in 
the  manner  described,  and  exactly  analogous  results  were  obtained. 
The  liquid  was  found  to  be  heptylene  and  heptyl-hydride. 

An  attempt  was  made  to  determine  the  relative  amounts  of  the 
olefines  and  hydrides  present  in  these  mixtures,  by  means  of  the 
bromine  reaction  above-mentioned,  when  it  was  found  that,  after 
allowing  for  the  conditions  of  the  experiments,  the  proportions  of 
the  two  series  of  hydrocarbons  were  sensibly  equal. 

Diligent  search  was  made  for  Benzol  and  the  Hexoylene  of  Caven- 
ton  —  representatives  of  C„Hj„-6  and  C^  Hj„-2  series, — but 
without  success.  The  portions  lying  between  the  fractions  boiling 
at  65°  and  at  95°,  in  which  these  bodies  would  be  found,  did  they 
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^/aoaat^  wone-  misrt^  iiiz£nxz»»  -^  naif-  iLTrfieaiei  soii  ^h&UBL,  isLU>  wUc^ 


TSut  ann&iTr.  Ea.  cmxjiiaiiztcaTiL  win&  Mr.  YtaiEajC^  b  zbTv  *— ^tigf  I  vpon 
t&«»  p^ctotJB:  ^£Im(|:  bmv^^n.  i<»''-^j-' :  ajui  m^  iar  ^  tcLey  ^Te  gone, 
dki^  inwal-nsi  ci}C790«3vsSie  tLOtt  aHuziiaaDiaiL  t&tfcc  «&■&»-  kjniEvicuri»ociei..  pso- 
«Beeii  ^j  tsW  spliss£ii;e  tcp*  o£  pAndEiu  af«-  nixtisEcs  «£  kTninJcs  and 

Tkej  idhve  aesBvtei  i&  nktm  fiw  jEQckonL&jChiicje-.  ^i<ttrfTtr:g  as  107*;  fior 
ti»i«oL  IwiiEBij^  as  llf :  acai  ibc  caficTiuiiBrit*  WQoi^  as  IS2»  .  There 
waa  alwoAcuJj  ba  ]iii|Vfti  IhcHciq^  Iwcwccsat  &5'  aod  I±5'- 
taooai  oMiiffiiMaiiiiai  that  ■■  miIw  ■  ■  cf  the  btecLiBL  assd  aeeniene 


As  their  expeiimcEkta  v]mcl  this  sabjcet  are  lux  eoiiLpIei^d.  the 
aathtovs  demi  that  h  wmild  be  pv^iBiasare  at  fwvse&t  to  haxard  anj 
iuteriveiatkMi  of  their  resmha.  Tker  think,  ho  verer.  that  tiie j  will 
be  able  to  deaunskraie  that  the  fiMt  of  its  jieMiiig  defines,  on  deoom- 
poaitioiir  is  not  ineompatibie  vith  the  aan[mptioi&  that  p^^^^^n  ia  a 
iber  of  the  C.  fiU.-g.  3  aeries  of  hrdrocaibons. 


XIY.— Jolet  ofAnalymB  of  am  MmrMaBmd  Imiewiimai  CmiemK/rom 
iAe  HcTwe.     Bj  Ms.  Jajdu  F.  Staek,  F.C.S. 
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Ths  following  serres  merel j  to  bring  under  jour  notice  two  aasJ* 
jses  I  had  lately  occasion  to  perform.  The  earthball  was  extaracted 
in  the  end  of  last  jear  from  the  large  intestine  of  a  horse  in  the 
possession  of  Messrs.  Charles  Tennant  &  Co.,  St.  Kollox.  In  diar- 
meter  it  measures  about  5  inches,  and  weighed,  when  entire,  2  lbs. 
This,  large  sjid  weighty  though  it  appears,  is,  notwithstanding 
nothing  very  unusual.  I  have  here  the  half  of  a  similar  earthball, 
of  equally  large  dimensions,  taken  from  a  horse  belonging  to  the 
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Coltness  Iron  Co.*  Breschet,  again,  mentions  one  measuring  9^ 
inches  in  diameter,  and  weighing  1 9  lbs.  All  these,  however,  are 
dwarfed  alongside  of  one  which  was  lately  taken  from  a  young  Irish 
horse,  and  which  had  attained  to  the  almost  incredible  weight  of 
27  lbs. 

The  section  of  this  earthball  shews  that  the  materials  of  which 
it  is  composed  have  been  deposited  under  various  changes  of  cir> 
cumstances,  at  one  time  growing  solely  by  accretion  of  mineral 
matter,  at  another  time  by  mineral  matters  intermingled  with 
substances  of  organic  origin.  In  the  analysis  a  full  section  of  the 
ball  was  taken,  so  as  to  ensure  a  fair  average  sample. 


Magneeia, 
Ammonia, 
Phosphoric  Add, 
Water  (combined), 
lime, 
Alumina,. 
Ferric  Oxide,    . 
Soda, 

Phosphoric  Acid, 
Carbonic  Acid, 
Snlphnric  Acid, 
Silicic  Acid,     . 
Sodinm  Chloride, 
Organic  Matter, 


13-6851 
8-828 
24-109 
36-675 ) 


83-197 

0-239 
4171 
1-033 
0-358 
0-189 
0-015 
0-465 
5-202 
0-490 
4-686 

100-045 


The  remarkable  feature  in  this  analysis — ^indeed,  that  on  which  its 
whole  interest  centres — is  the  very  large  proportion  of  ammonio- 
magnesic  phosphate  present. 

Shortly  after  performing  this  analysis,  I  had  the  fact  of  the 
formation,  to  a  large  extent,  of  this  ammonio-magnesic  phosphate 
within  the  intestines  of  horses  confirmed,  by  receiving  several 
calculi  which  had  been  passed  by  a  horse,  and  which  the  following 
shews  to  have  been  almost  entirely  formed  of  this  salt.  They  are 
of  a  uniform  crystalline  structure,  and  average  about  1  inch  in 
diameter. 

Ammonio-Magnesic  Phosphate : — 
M^PjOy,         ....         44-504 
(NHJjO,         ....         10-424 
12H,0,  43-301       -98-229 


*  This  ball  contained  72*903  per  cent,  ammonio-magnesic  phosphate. 
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Organic  Matter: — 

Soluble  in  H  CI., 
Insoluble     „ 

Silicic  Acid, 

0-801 
0-910 

•                 •                 • 

1-711 
0044 

99-984 

As  to  the  condition  of  the  blood  necessary  for  the  deposition  of 
this  ammonio-magnesic  phosphate,  I  have  not  spent  time  in  specu- 
lating: such  comes  more  within  the  range  of  the  studies  of  the 
physiologist.  We  see  plainly  enough,  however,  that,  as  in  this  case, 
a  small  nucleus  presenting  itself — being  detained,  probably,  in  some 
cavity — we  have  this  salt  thereon  deposited.  Now,  if  this  goes 
no  farther,  no  serious  damage  is  done.  Such  calculi  seem  to  pass 
readily  through  the  intestines,  being  smooth  on  the  surface,  and 
of  a  shape  calculated  to  facilitate  such  a  passage.  It  is  only  when 
the  calculus  assumes  a  nature  similar  to  this  earthball  that  danger 
ensues  to  the  animal — only  when  the  ammonio-magnesic  phosphate 
is  intermingled  with  adventitious  substances.  How  this  inter- 
mingling of  mineral  and  organic  matter  takes  place,  I  think  I  may  be 
able  to  shew  you.  If  we  take  a  quantity  of  chopped  hay,  and  sift 
the  finer  particles  away  from  it,  re-sifting  these  several  times 
through  finer  sieves,  and  lastly  through  muslin,  we  arrive  at  a 
veiy  finely-divided  dark-coloured  mass,  exactly  similar  to  that 
existing  in  the  eai*thball.  Again,  on  boiling  a  small  quantity  of 
this  earthball  in  water,  we  find  a  certain  amount  of  seemingly  albu- 
minous matter  separate  out,  floating  on  the  sur&ce  of  the  liquid. 
If  we  then  suppose  the  surface  of  the  calculus  to  be  in  part  coated 
with  this  albuminous  matter,  any  particles  of  this  fine  dust  coming 
in  contact  with  it  would  at  once  firmly  adhere  (indeed,  examined 
under  the  microscope,  this  dust  seems  exactly  fitted  for  such  a  work). 
Over  this  more  ammonio-phosphate  would  be  deposited,  and  so 
on,  the  mass  gradually  increasing  in  bulk.  A  substance  similar  to 
this  fine  dust  is  likewise  found  on  grain,  especially  on  oats,  and  is, 
in  the  latter  case,  sometimes  separated,  to  the  great  improvement  of 
the  meal.  From  this  substance  millers'  horses  in  some  districts  are 
very  subject  to  intestinal  calculi.  But  in  this  case  the  horses  did 
not  always  suffer  alone.  Wollaston  and  Dr.  Munro,  tertius,  fully  in- 
vestigated, in.  their  Morbid  Anatomy  of  the  ffuman  Gullet,  pub- 
lished 181 1,  a  peculiar  calculi  then  endemic  to  Scotland,  the  frequent 
occurrence  of  which  amongst  the  population  was  assigned  to  the 
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abundant  iise  of  oatmeal.  Dr.  Maclagan,  in  the  London  and 
Edinburgh  Journal  of  Medical  Science  for  September,  1841,  speaks 
of  such  as  growing  less  common ;  and  now,  I  suppose,  thej  have 
nearly,  if  not  altogether,  disappeared. 

And  now,  as  to  the  practical  application  of  this,  I  have  only  one 
remark  to  make.  What  I  have  said  points,  I  think,  clearly  to  the 
necessity  there  is  for  thoroughly  sifting  all  hay,  as  well  as  grain, 
used  in  the  feeding  of  horses.  If  this  practice  were  regularly 
followed  by  the  large  employers  of  horse-power  in  our  towns,  the 
frequent  loss  of  horses  from  earthballs,  at  present  in  many  cases 
sustained,  would,  if  not  altogether  ceasing,  be  at  least  materially 
diminished. 


XV. — Preliminary  Notice  on  the  Action  of  Chloride  of  Zinc  upon 
Morphia  and  Papaverine,  and  on  the  Actixm  of  Nitrous  Add, 
Bleaching  Powder  and  Hydrochloric  Acid  upon  Morphia;  and 
some  Notice  of  a  new  Opium^haw,     By  Mr.  E.  L.  Mayer. 


Head  before  the  Chemical  Section,  March  27,  1S71. 

Action  of  Chloride  of  Zinc, 

When  moi*phia  is  heated  with  Zn  Cljto  125°  for  about  twenty  minutes 
and  the  mixture  thrown  into  water,  a  body  separates,  which,  if 
dissolved  in  hot  water,  precipitates  again  on  cooling  as  a  non- 
crystalline mass.  From  its  formation  and  reactions,  I  consider  it 
to  be  probably  morphia,  less  ^  Hj  O ;  in  its  physiological  action  it 
resembles  and  probably  surpasses  apomorphia. 

If  the  mixture  mentioned  above  be  heated  for  a  longer  time 
and  to  a  somewhat  higher  temperature,  saturated  with  Naj,  C  0„ 
treated  with  ether,  and  the  ether  shaken  up  with  strong  H  CI, 
crystals  are  obtained,  which,  re-crystallized  and  dried  in  a  water 
bath,  gave  on  analysis — 


Calculated. 

Found. 

c„ 

204- 

G7,22- 

67,12- 

Hw 

18- 

5,93- 

6,24- 

N 

14- 

o. 

32- 

CI 

35-5 

.^03  5 
which  agrees  with  thn  formula  Cj7  Hi^  NO,,  H  CI 
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This  IB  the  fbnnala  of  apomorpluAy  the  hase  obtained  tvro  jean 
ago  bj  Dtb.  Matthiessen  and  Wright,  in  treating  morphlA  with 
H  CI  in  an  open  dish  on  the  water-bath  for  some  days,  or  heating 
it  in  a  sealed  glass  tnbe  to  140'-150^  C.  for  some  hoars.  As  the 
body  besides  has  all  the  properties  of  apomoiphia,  further  investi- 
gations have  been  considered  onneoessary. 

This  base  has  been  formed  in  this  case  firom  morphia,  bjr  abstraction 
of  the  elements  of  one  molecule  of  water. 

On  heating  the  Zn  CI,  containing  the  moiphia  to  about  170°  C, 
another  body  is  formed  I  am  still  engaged  with  its  investigation, 
bnt  it  is  very  probable  that  the  action  again  consists  in  the 
removal  of  more  H  and  O  from  morphia,  in  the  proportion  to  form 
water. 

Similarly,  papaverine  treated  with  ZnCl,  at  125®  C.  for  twenty 
minutes,  gives  a  liquid  which,  after  dilution  with  water,  saturation 
with  Na,  C  O,  and  shaking  with  ether,  deposits  crystals  bj  treat- 
ing the  ether  with  H  CL 

Dried  at  100^  C,  the  following  numbers  were  obtained  : — 


Cttlealated. 

Gm 

480- 

65,30- 

Ha 

44- 

5,98- 

N. 

28- 

Or 

112- 

CI, 

71- 

9,66- 

65,01- 
6,30- 


9,49- 

735- 

• 

leading  to  the  formula  C«  H^,  N,  O,  2  H  CL 

This  body  corresponds  in  all  likelihood  with  the  morphia  base 
first  described,  that  is,  2  molecules  of  papaverine  have  been  deprived 
of  the  elements  of  1  molecule  of  water. 

By  heating  the  Zn  Cli  and  papaverine  to  a  higher  temperature, 
other  bodies  are  formed,  with  the  examination  of  which  I  am  still 
engaged 

Action  of  Bleaching  Powder  and  Hydroehlarie  Acid, 

If  morphia  is  dissolved  in  dilute  H  CI  and  a  sufficient  quantity 
of  bleaching  powder  solution  added,  greenish-white  flocks  appear, 
insoluble  in  an  excess  of  H  CI.  As  the  mother  liquor  from  body, 
A  below,  gives  the  same  reaction,  I  took  that  liquid  for  my  starting 
point. 

The  new  body  so  formed  is  obtained  in  a  state  of  purity  by 
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dissolving  it  several  times  in  small  quantities  of  boiling  alcohol, 
precipitating   with   water    and    at    last    dissolving  in   ether  and 
evaporating,  whereby  an  oily  liquid  is  left  which  changes  into  a 
crystalline  mass,  by  standing  for  some  time  over  H,  S  O4. 
Carefully  dried  over  Hj  S  O4 1  found  on  analysis — 


Gftlctilated. 

Foand. 

Cl7 

204- 

40,75- 

40,52 

N 

16- 
14- 

3,19- 

3,37- 

Oio 

160- 

CI. 

106-5- 

21,27- 

20,85 

500,5- 

Its  composition  is  represented  by  the  formula  C^^  Hi^  CI3  N  O^^, 
The  basic  properties  of  morphia  have  disappeared  in  this  body, 
on  the  contrary,  it  combines  readily  with  bases.  It  also  becomes 
electric  by  friction. 

During  its  formation  some  chloropicrin  was  also  produced,  as 
was  evident  from  its  characteristic  smell. 

Papaverine  treated  in  the  same  manner  also  gives  a  similar  body, — 
which  I  have  not  yet  investigated. 


Action  of  Nitroua  Acid, 

On  introducing  nitrous  acid,  in  a  very  rapid  stream,  into  water 
containing  pure  morphia,  a  clear  brown  liquid  is  obtained,  which, 
immediately  filtered,  produces  a  yellow  precipitate  (A).  After  this 
was  washed,  first  with  cold  water,  then  with  large  quantities  of 
alcohol  and  dried  over  H,  S  O4  I  obtained  the  following  results  : — 


'17 


H 

N, 
O. 


so 
2 


CaleiilAted. 

I. 

II. 

204-      61,44- 

61,86- 

61,69 

20-        6,02- 

6,42- 

6,29 

28-        8,43- 

80- 

III. 


8,74' 


332' 


These  lead  to  the  formula  of  nitrite  of  morphia.  But  I  have 
every  reason  to  consider  it  to  be  a  nitroso-compound  and  give  it 
the  formula  C17  H,8  (N  O)  N  O,  +  Hj  O. 

Indeed,  by  drying  at  1 25®,  it  lost — 
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CalciiUtad. 
H,0 

314- 
18-  5,42- 

332- 

Fooud. 

5,40- 

and  gave  by  combustion — 

CiUculUed. 

C^            204- 
H„             18 

N,              28- 

65,00- 
5,74- 

Foand. 

64,95- 
5,74- 

O4               64- 

314. 

Thia  corresponds  with  the  formula  C17  H,8  (N  O)  N  O,. 

If  this  body  A  be  boiled  with  alcohol,  or  dissolved  in  large 
quantities  of  boiling  alcohol  and  the  latter  evaporated,  the  body  (B) 
left  has  lost  half  its  water.  The  following  are  the  results  of  some 
analyses  of  this  body,  dried  at  106**-1 10**  C. : — 


Calenlatod. 

FooQcL 

I. 

II.              III. 

IV. 

C34    408-     63,15- 

63,04- 

63,04-     63,18- 

63,22 

Hjg     38-      5,88- 

6,23- 

6,19-       5,99- 

6,34 

N^       56- 

Oj,      144- 

646- 

2  (C,  K^  (N  O)  N  O,)  H,  O. 

But  if  the  body  A  be  boiled  with  water,  a  totally  different  reaction 
takes  place.  It  splits  into  a  body  soluble  in  water  (C)  (which  I 
have  not  yet  properly  examined)  and  into  an  insoluble  one  (D). 

The  latter  dried  at  110°  C,  gave  the  following  numbers  on 
analysis : — 


IV. 


C&lcoUted. 

Foozid. 
I.           II.            III. 

C„  204- 

67,77.  0^^204. 

68,00. 

67,72.  67,62.  67,80- 

Hia   19- 

6,31.  Hjg  18. 

6,00. 

6,40.     6,31.     6,66- 

N      14- 

4,65.  N      14. 

4,66. 

O4      64 

O4     64- 

5,07 


301 


300- 


It  has  either  the  formula  Cj^  H,g  N  O^,  or  C^^  H^^  N  O^,  but  I 
am  unable  at  present  to  say  which  is  the  right  onr. 
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If  dilute  Hg  S  O^  be  poured  upon  the  body  D,  an  inodorous  gas  is 
evolved.  The  body  A,  similarly  treated,  gives  out  red  fumes,  but 
in  a  tube  over  mercury  yields  a  colourless  gas,  which  forms  red 
iiimes  when  mixed  with  air.  Both  products  are  insoluble  so  long 
as  acid  is  present  in  excess,  or  when  heated.  As  I  thought  it 
possible  that  the  products  might  be  identical,  I  instituted  some 
comparative  experiments.  I  decomposed  A  and  B  as  above 
described,  purified  them  by  decantation  and  crystallized  them 
finally  from  water. 

E,  produced  from  A,  dried  at  100®  C,  gave — 


Calcal&ted. 

Found. 

G^  408- 

57,95-         C34  408- 

58,10- 

57,93 

H«    44- 

6,25.         H^3  42- 

5,98- 

6,36 

Nj     28- 

Nj    28- 

S        32- 

S      32- 

Ojj  192- 

Oij  192- 

704 


702- 


From  100°-125'  C.  it  lost^- 

Cftlculated. 


C34  H^  Ng  S  Oio  668- 

2(H2  0)      36-  5,11- 


Q^  H38  N2  S  O^o  666. 


Fonnd. 
E.  F. 


704- 


2(HjO)         36-  5,13-    5,13-  5,14- 


702 


The  formula  for  E,  dried  at  100°  O.,  is  therefore  either 

2(C„HigN03)   2H2O,   Hj»0^, 
or  2  (C„  H18  N  O3)   2  H,  O,  H^  S  O,. 

Dried  at  125®  C,  I  obtained  on  analysis — 


CalcQlated. 

E. 

Found. 

F. 
I. 

II. 

C34  408- 

61,08      C34  408- 

61,26- 

61,09- 

61,19- 

61,39- 

H^   40- 

5,98 —  Hgg   38- 

5,70- 

6,12- 

6,20- 

6,02- 

N2     28- 

N2     28- 

S       32- 

S       32- 

Ojo  160- 

Oi„  160- 

668- 


666 


^4  FHaLumpkuad  Stifni^j  '^^ampmn 


*::,fc  H,  3r^  *>,  :jn-  c»  a,  y.^  «\  5i» 


Teliae  nsBija  a^frise  wrsh.  <gTcIit»r  iilf  i!&e  tiw«i  ffamnriri 

l£hn*ij  A b«  liiscfTaLpisseii  wrob.  fi  €1  rnntsnd  iji  H^S 0«.  Aa-  a^Ik 

i£«Kr{bi»cL  xoii  ^ikliirfne  ci  jir^naL  o£  bi«mie!(  «nfl<rfti*r  pkSL.     Ban  if 
skia  ^ftKompi^fECLiiiL  oi  icmiertafekisiL  cl  prcamux-  ^  aJeia&i^L.  a  sGrsn^ 

Exp^rinijMLiEi  BUhie-  bj  Dr.  Linc;r  QL  Lomion^  a&fwwi  t&iitflr  lusoe  of 

T^  'imii^  wii(»iiiu!r  iih»>9«»  bodis  tcAisun.  H^  or  Hg^  X  cned  to 

o^ruL^  o  zhA  iokrmj  fA  mj  snbscaoee.  wis&iOYct:  rcsis£i&.     TUs 
I  crraJii  olMcrre,  tiiafi  whlb  wx&er  eke  bcwiT  A  TamJtRjocs 

fMChioCL  iXL  %  TTMnOB. 

As  MgJMV.  M'Farisit  in  Edininir|riL  «o  i^kuM  fc-^»»^*niTBi  I  mm 
izk^tik^ed  for  tibfr  mmtenal  vsed  in  tke  prceediBg  inTcsdji^KEkMis^  kave 
HbenJI  T  o^end  to  sapplj  me  witlk  nfem.  I  mt«Ki  sLordj  to  ivcvr 
to  this  p«>iiit,  *nd  Lope  tbdis  I  sbaH  V^  able  in  tks  wmj.  sad  br  tlie 
ia.Ti»siu2!fcnon  r>f  bo^ij  C,  to  obCAin  a  definite  renh. 

Se:L=i2i?=:b<T^r  luts  obtained  a  bodj  of  ike  aune  compo«ztion  as 
Df  bnt  M  he  d<9«rib«s  a  hTdpGcUonie  and  a  snlpiiate**  it  is  not 
probaib]^  that  it  is  idfntitral  with  mine. 

To  confirm  the  view  that  A  is  a  nitroao-eomponnd.  I  intend  to 
tiy  to  convert  it  into  an  azo,  hjdrazo  or  amid(xompoand«  or  replace 
y  O  br  some  other  radicaL 


Xew  Bam  from  OpiMmu 

In  the  preparation  of  naroeine  another  bodj  is  sometimfiB  found 
mixed  with  it,  which  is  left  behind  when  the  naroeine  is  porified 
bj  dissolving  in  >x>iling  water. 

I  have  been  suppliM  with  this  substance  br  Messrs.  M'FarInn« 
and  ha%'e  foand  it  to  be  a  new  well-defined  opium  base. 

It  is  insoluble  in  water,  sparingly  soluble  in  alcohol,  from  which 


*  JafaRsbencht»  1865,  446w 
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it  deposits  in  hard  granular  crystals.  It  is  also  insoluble  in  ether, 
but  imparts  to  it  a  blue  fluorescence. 

The  base  dissolves  very  easily  in  water  containing  acids  and 
forms  beautiful  crystalline  salts.  The  hydrochlorate  and  sulphate 
are  so  soluble  in  hot  water  as  to  form  a  gelatinous  mass  on  cooling. 
They  also  dissolve  in  alcohol  with  blue  fluorescence. 

The  salts  melt  at  about  100®  C,  and  decompose  at  a  somewhat 
higher  temperature,  becoming  redder  and  redder  in  colour,  and  swell- 
ing up  to  a  dark-brown  brittle  vesicular  glassy  mass. 

The  platinum  salt,  which  is  more  stable,  is  obtained  in  orange 
crystals,  by  mixing  a  cold  solution  of  the  hydrochlorate  with  Pt  CI4. 
But  if  the  solution  of  the  hydrochlorate  be  mixed  at  a  higher  tempera- 
ture with  Pt  CI4,  a  precipitate  is  thrown  down  which  at  first  is  soft, 
but  afterwards  becomes  quite  hard.    By  longer  boiling  it  decomposes. 

It  is  to  be  hoped  that  the  investigations  Professor  Anderson  com- 
menced, some  years  ago,  on  the  decomposition  of  the  platinum  salts 
of  the  organic  alkalies,  will  throw  some  light  also  upon  this  decom- 
position. 

The  platinum  salt,  if  dry,  can  be  heated  to  135®  C.  without  change. 
From  the  solution  of  its  salts  Naj  C  O,  precipitates  it  very  slowly, 
N  H,  not  at  all. 

The  base  itself,  dried  at  100^  C,  gave  the  following  results  on 
analysis: — 


Calculated. 

Found. 

I.                          II. 

III. 

C»  300-  59,64- 

59,46-             59,72- 

H«  29-    5,75- 

5,95-               5,98- 

N     14-     2,78- 

2-79- 

Oiol60- 

503- 

These  lead  to  the  formula  Cjj  H»  N  0^^ 

The  platinum  salt  dried  at  100°  C,  gave  the  following  numbers 

Calculated. 

C„  300- 

40,25- 

39,93- 

Hh   34- 

4,56- 

4,62- 

N      44- 

0„  192- 

Pt     99- 

CI3    35,5- 

745,5. 
2  (C.^  Ha,  N  Oio  (H,  0)a  H  CI)  Pt  CI,. 
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Dr.  Lcgg  in  London  wais  kind  enough  to  examine  this  base  also 
and  found  that  a  &og  was  not  affected  bj  the  sabcntaneous  injection 
of  1  grain  and  that  4*5  grains  injected  under  the  skin  of  a  dog 
woghing  15  lbs.,  was  likewise  without  appreciable  effect  of  any  sort. 

To  understand  the  relations  of  this  base,  I  shall  add  a  short  his- 
torr  of  the  disoorery  of  the  chief  constituents  of  opium. 

In  the  dfth  centurr  R.C.,  opium,  the  dried  sap  of  papcKer  somm- 
/erum^  was  known  as  a  body  possessing  intoxicating  properties.  In 
the  eighteenth  centuiy,  different  chemists  (Neumann,*  Hofimann, 
Haller,  Wedel,  Tralles)  called  attention  to  the  possibility  of  extract- 
ing therefrom  a  crystallizable  add  salt,  while  others,  such  as  Bucholzf 
(1S02)  did  not  succeed  in  obtaining  it. 

In  1803,  Derosne  in  Paris  published  an  analysis  of  opium, J  in 
which  he  confirms  the  statement  of  the  earlier  chemists,  in  so  £u-  as 
the  existence  of  a  crystalline  body  in  opium  is  concerned,  but  denies 
that  the  salt  is  an  acid  one.  However,  he  does  not  consider  it  to 
be  a  salt,  but  a  peculiar  vegetable  constituent  of  opium.  His  fiirther 
observations  are,  in  brief,  that  this  constituent  of  opium  is  readily 
soluble  in  acids  and  is  precipitated  unchang^  by  alkalies  froni  its 
solution.  He  adds,  that  he  has  not  succeeded  in  obtaining  the  pre- 
cipitate perfectly  free  from  alkali  and  consequently,  that  the  body 
which  is  identical  with  that  obtained  directly  from  opium,  possesses 
an  alkaline  reaction. 

Two  years  afterwards  the  first  results  §  of  an  opium  investigation 
by  Sertiimer,  begun  in  1804,  appeared,  which  was  completed  in 
1806  II  and  in  which  new  fiicts  worthy  of  notice  were  for  the  first 
time  reported.  In  this  the  discovery  of  a  new  acid,  meoonic  acid, 
is  described  and  that  of  another  body,  which  exists  in  combination 
with  the  acid  and  thus  distinctly  shews  that  it  possesses  properties 
similar  to  those  of  the  alkalies.  In  this  paper  therefore  Sertiimer 
announced  an  entirel v  new  idea,  in  addition  to  the  discovery  of  new 
bodies  with  well  marked  characters.  Not  much  notice  hoiwrever, 
was  taken  of  this  and  the  whole  matter  sunk  into  obscurity  until 
the  vear  1817. 

At  this  time  a  second  investigation  by  the  same  chemist  ap- 
peared,1f  which  caused  chemists,  especially  in  France,  to  direct  their 
attention  to  the  subject.     Sertiimer  named   the   basic  substance 

•  Leciiones .  .  4  SuhJectU  Pharmacfuticis,  1730;   The  Chem.  Woria  of  C.  A'., 

t   Kopp,  GtschicfUf  der  Chemie^  4,  40S.  :^  ^  nil.  dt  Chimle^  45,  257-285. 

^  Jour/K  der  Phar.,  13,  1805.  t  Journ,  (fcr  Phar.,  l-L  47-93. 

•[  Gil>»ert's  Ann,,  r>'«,  56. 
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niorphmm  and,  in  consequence  of  his  observations,  speaks  of  it  as 
a  new  alkaline  base,  capable  of  forming  salts  which  appear  to  be 
closely  allied  to  ammonia  and  differs  from  the  alkalies  only  in 
being  less  powerftil.  In  pointing  this  out,  he  had  given  the  true 
explanation  for  his  observations  and  whilst  Sertumer's  labours 
exceeded  all  that  had  been  done  before  upon  this  subject,  a  new  era 
was  commenced,  not  only  in  our  knowledge  of  opium,  but  in 
organic  chemistry. 

Such  also  was  the  opinion  of  Gay-Lussac  *  when  he  heard  of  this 
discovery  and  to  him  the  matter  appeared  so  important,  that  he 
commissioned  Kobiquet  to  make  a  further  examination.  However, 
before  Kobiquet*s  investigation  appeared,  which  took  place  in  the 
same  year,  Sertumer's  investigations  were  repeated  by  Choulant  in 
Dresden  t  and  his  results  confirmed.  Robiquet's  results  J  also  agree 
with  those  of  Sertumer  regarding  morphia.  But  Sertumer  had 
considered  Derosne's  salty  as  he  calls  it,  to  be  meconate  of  morphia 
(he  was  not  acquainted  with  Derosne's  investigation  until  he 
had  finished  his  own  in  1805),  and  Kobiquet  pointed  out  this 
error  and  proved  that  there  were  three  distinct  bodies  existing  in 
opium.  But  he  was  unable  to  give  any  explanation  of  the  nature  of 
Derosne's  salt  and  with  regard  to  meconic  acid,  fell  into  the  same 
error  as  SertiLmer  had  done,  namely,  that  it  is  capable  of  being 
sublimed. 

In  the  following  year  it  was  again  Sertumer  who  threw  some 
light  upon  Derosne's  salt  §  and  also  upon  meconic  acid.  In  a  paper 
he  shewed  that  that  salt  is  not  a  homogeneous  plant  constituent 
as  Derosne  considered,  but  a  real  salt,  consisting  of  meconic  acid 
and  a  basic  body  which  resembles  morphia,  but  is  not  able  like  this 
to  saturate  the  acids  entirely  and  this  accounts  for  the  acid  reaction 
of  its  salts.  Although  Serturner  pointed  out  this  second  base  as 
a  second  morphium  oxide  (in  accordance  with  his  theory,  in 
which  he  regarded  at  that  time  morphia  as  the  oxide  of  a  radical, 
which  he  called  morphium  and  in  which  he  compared  the  new  body 
with  the  peroxides,  on  account  of  its  slight  basic  properties) 
narcotine  is  clearly  recognizable,  from  the  description  of  the  pro- 
perties of  the  substance  and  its  salts.  Regarding  meconic  acid  he 
says,  in  opposition  to  Kobiquet  and  Choulant,  and  in  vindication  of 
his  own  view,  that  the  acid  obtained  by  subliming  meconic  acid  is 


•  Gill)ert'a  Ann,,  56,  337.  +  Gilbert's  Ann,,  (56,  342. 

XAnn.  de  Chimie  et  de  Physique,  5,  275;  Gilbert's  Ann.,  57,  163. 
§  Gill)ert'8  Ann.,  59,  50-70. 


iif*  /  UdMmu$miaui  ouc&ti  tf  t)t 


iilfi<ti«L:  Mil  1  !->  •»■  tMnx^ju.f»u4iuo:i  |iroduc:«  ana  sroauuLs  iibs  houl  s? 

lit  t4J"  >«ii*  iM'  Vauqufsiir  '  ssiiazip%ed  i  •  otniii  XAti  jumonr  cr 
bt«n-ttri««'L     tu»vuv«^M;i  u*:'  tz&iKr*. .  luumocii  a^^  .11.   IBl-?   ii  ^avsa* 

of  i>«gUUi  "    «k«i  ill  IJU**  fiPUbf.  Wiiici     K*    JMu   iMld    fiBBOS-T    XBt    TTfOUL 

AiliAuu)(i  ti*'  tiickcuvrr;  i>'  luorpiu^  c:  mecaxiiL  mciu  joui  Kseir 
iiwatiitjuiHtUoi.  u;'  in*:  1  Buewi.  v>  i»r  da*,  v-  beiiiiuie:.  XJICT^  » 
mnu^..  ciiHiiJiiii;  n.  ueu:Tiuixiiii^''  V'  vhoxl  v   aBcria^   ifit^-  maoorFCTr  fif 

MpAUii  lUK-  iruu.  tat*  ^•riKiuc:  »<  ooulukk:  VTeciiiaaxec  kat 
vritiL  «ijiL&u«s&  i«u-  tiif  iiktr  l.  uift:  Ji*.  jial.  Jk*'  idoii  of  xl-  tnit 
uaiturt  njxi:  iiiui^i  i'.  u  ih  i.  smtpiftt^  boor  ins:^  af-  IfraasriZ  •■uu 
atd^MTc  uelvi*  iiiiL  tx^iAtuwfrw  tin  precipiut&c  obsazBea  froKi  tkt 
^u«9^u>  toOidUui.  of  vftiuuu.  wiiL  alg«j w .  mnL  Mt-  -wt.  jiarn  oeai 
*iev«ii:a:  cuvyuiifiri^  j^iig  ueloix  im  iuui  spak«L  of  xi.  opniBa  aah 
iriLaoi  ta«ev  Jam:  OtttauiMM^  It  tteveiia!=  fiznxrerr  npoc:  tttt-  pomi 
of  vi»;v .  wii«^i.  .fe  dJLMxrv^fr^  cai.  in  properh'  laiii  tc-  hxFwt.'  hoBL. 
BUM' .  i/ut  it  ttu.  jjardiv  ut  tmuvd  tust  bciUiiJAgr  if-  jr  jsOBBt  xl'  Ik 
<K#i«6idtH>Ki  4ife  tii*^^  «0Mvi/i/K  di»cov«n-r  of  mrootiiiit. 

e<a^iu<u    It    MatA-ci.   fof    ttiiiiiiar    tjiuir    subsaDisBF    ozid    ■^HJinMr^ 

<lio<A»^*^'A43r.  ^ev   ^eit  MAM-  cinit;«ru«d  wissL  opiiiiEi  'diflxi  ^wisb  :dir 
AAHiH^uut^iiu  u1   utii*;f    pittiiife.     J-'tilitfticn;.  Xhmuife  mill    fisbflzfi 
Ua  ciiMtfi  «Uieiuiiiw  ¥'ijv  imni|;ir^  tint  uev  Tomltt.  irhliBi  tikcvr 
plaUKi  I:  uuiuOe«  uf  ttutiiviM*  of  oTpuiic  Uudkb.^  taxktm^  i^Mon   c£ 

jt  It  u^.  uuiuJ  \^  y^stia  X^^\J  iiii»i  n  latrw  jiatdocl  of 
j.-«iUix;;;^ij   Vv  tiLtaA-    li^diet   oimuMauoMi.      HfioainiiEi.   nr   f^oBxi, 

Ui  f4'»ucA^  t'/i  tJUr  j^tfjftrftftkiti  of  xiMrpiiiiL,  Uibs  cf  E«ctertaoai  mad 

*  Am.  4jt  f'Uuu^  «r  ^  l^i^^i^.,  5<^r«MW«^  i§19;  Gi&nf  ■  .Aim,  C3^  381. 

i  Am.  iU  C'Umit^  V2,  :fi» 
:  Am.  tU  C'kifMie,  Hi,  ^l^. 

I  rU^i^^,  tU^JudiHM,  jMh^^ftMKkt,  imi,  100;  Buqr,  tUcL,  1834,  170. 
*  Am-  lU  ('Mmn  U  ,U  /'iky4y«/,  40,  17* 
•'  /W.,  4«*,  44. 
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Gregory,  led  Kobiquet  in  1832  to  the  discovery  .of  the  strong  base 
codeia,  *  as  he  observed  that  the  hydrochlorate  of  morphia  obtained 
by  this  method,  by  precipitation  with  NH3,  yielded  less  pure 
morphia  than  the  hydrochlorate  obtained  by  direct  precipitation 
of  the  aqueous  extract  of  opium  with  NH3,  etc.  This  caused 
him  to  examine  the  reason  of  the  difference.  In  the  same  year, 
Pelletiert  discovered  narceine,  which  he  first  considered  to  be  a 
weak  base,  which  view  however,  he  afterwards  J  contradicted.  In 
1833,  Thiboum^ry§  discovered  thebaine,  when  attempting  to  find  a 
new  method  for  the  preparation  of  morphia,  in  Pelletier's  manu- 
factory. This  was  at  first  considered  by  Pelletier  as  an  isomer 
of  morphia,  and  was  therefore  called  paramorphia,  until  Couerbe, 
who  recognized  its  different  composition,  gave  it  its  present  name. 
In  1848  Merck  ||  discovered  papaverine,  another  well  characterized 
base. 

Besides  the  bodies  already  mentioned,  others  have  been  dis- 
covered in  opium.  They  are,  however,  either  of  not  much  import- 
ance, or  their  very  existence  is  doubtful. 

Such  are  pseudomorphine,  opianine,  porphyroxine,  thebolactic 
acid,  cryptopia  and  others. 

Of  much  more  importance  is  the  labour  expended  by  chemists  in 
the  detection  of  the  constitution  of  these  bodies,  especially  since 
Liebig  (1830)  made  the  analysis  of  organic  substances  so  extremely 
simple.  But  it  would  occupy  too  much  time  even  to  name  all  the 
investigations  which  have  been  made  and  I  therefore  will  only 
make  some  remarks  on  the  bases  themselves. 

How  has  shewn,  that  the  opium  bases  are  to  be  regarded  as  nitril 
bases.  But  concerning  their  constitution  we  know  almost  nothing, 
except  narcotine,  the  separation  of  which  into  cotamine  and  opianic 
acid,  Wohler  has  first  shewn.  Some  time  later,  Anderson  made  a 
further  investigation  of  this  subject  and  found,  that  the  first  pro- 
duct of  this  decomposition  is  opianyl,  and  proved  the  identity  of 
this  body  with  meconine.  Afterwards,  Matthiessen  and  Foster's 
investigation  led  to  the  formula  for  narcotine  now  in  use. 

The  formula  for  morphia  has  been  fixed  by  Laurent.     It  differs 

from  the  formulas  employed  by  Kegnault  and  by  Liebig,  by  having 

one  H  less  than  the  former,  and  one  H  more  than  the  latter. 

•  Jaum.  de  Phar.,  19,  88. 

t  Jaum,  de  Phar.,  18,  160;  Anru  der  Chemie  und  Phynh,  50,  248,  262. 
X  Joum.  de  Phar,,  21,  674. 

§  Joum.  de  ChinUe  mid.,  1833,  161;  Joum,  de  Phar,,  21,  606;  Ann,  de 
Chvmie  et  de  Phys.,  69,  163. 
II  Ann.  der  Chemie.  und  Phar.f  66,  125. 
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49^  v^  Afj-d^rrvjfc     H«^  o!T»«!:t««i  i^  «TrGr  <iif  PeUeticr  and  skeved 

hAVtfT  ^m^Tm*A  the  <»rrwtik€«s  of  Merck's  fc^miila  and  made  us 
metfuutsU^  with  a  i:ii3ml>er  of  frabftimti^m  {voduciaL 

The  formaU  of  m*;comc  M/nd  has  been  fixed  br  Liebig  mnd  Ibund 
U>  b*r  ccrtTect  br  Bt^nbouse. 

(^fmnrSpf:  diAcoTfrred  the  composition  of  meconine^  but  the  Ibrmnla 
he  ffmifloytd  vas  doubled  by  Anderson,  one  resolt  oC  his  investi- 
gititioaH  apon  narootine. 

The  idea  that  those  plants,  or  {portions  of  phmts.  which  were 
wifA  in  me^licine  from  the  earliest  times,  did  not  as  a  whole  possess 
the  value  axcnl>ed  to  them,  was  first  promulgated  by  Paracelsus.* 
He  maintaine<l  the  presence  in  them  of  a  proximate  principle,  which 
Of>uId  l>e  extracted  and  to  which  the  medical  action  was  dae;  and 
it  wtiH  he  who  tried  to  separate  them  and  to  employ  them  instead  of 
the  entire  plant. 

This  idea  of  Paracelsus  has  been  since  then  more  or  less  generally 
adopter!  and  attempts  to  realize  it  have  been  made. 

Acccirdingly,  Derosne  instituted  physiological  experiments  f  with 
the  bo<ly  he  obtained,  and  was  convinced  that  he  had  extracted 
one  of  the  active  constituents  of  opium.  Sertumer  also  (1817) 
exiireHHod  his  opinion^  that  the  medical  action  of  opium  was  identi- 
cal with  that  of  pure  morphia  and  that  the  latter  would  probably 
soon  exi>e]  opium  from  the  pharmacopoeia.  Somewhat  later,  when 
he  recoj^nized  mecoiiic  acid  as  an  active  constituent  of  opium  and 
called  it  a  frightful  poison,  §  he  proposed  that  it  and  narcotine 
should  ])«  removed  from  opium  before  use;||  the  error  however, 
was  firHt  ])ointe(l  out  by  Somering,ir  after  it  had  been  established 
by  Orfila,**  Mayer  ft  and  others,  that  the  properties  of  opium  were 
fdtind  to  be  unchanged  in  morphia. 

Noiwitlmtanding  all  this,  a  certain  confusion  on  this  point  existed 
during  Hu1)He(juent  years  and  we  encounter  the  striking  fact,  that 
while  many  j:^  <leniod  morphia  what  is  now  recognized  as  its  char> 

•  Kopp,  Oeftchichte  der  Chf^mle^  1,  98.     t  Ann.  de  Chimie,  45,  282, 

t  il'iWwrVn  Ann,,  06,  71,  and  85.      §  Ibid.,  67,  183.     ||  Ibid.,  67, 187 ;  69,  69. 

IT  Ibitl,  05,  387. 

••  Ann.  df  Chimiv  H  de  PhyfiitiUf,  5,  288 ;  Gilbert's  Ann,,  67,  180. 

ft  Ibid.,  65,  387. 

U  lW>r»clius'  Jahre^HT.,  1822,  116;  1823,  169;  1826,  2H;  1826,  257. 
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acteristic  effect,  capital  punishment  was  at  the  same  time  inflicted 
in  France  on  account  of  poisoning  by  its  means. 

Chemists  at  that  time  were  no  less  at  a  loss  for  want  of  a  re- 
action for  the  detection  of  morphia  in  medico-legal  cases,  as  that 
which  had  hitherto  been  used  for  opium,  namely  the  reaction  of 
meconic  acid  with  a  ferric  salt,  was  no  longer  of  any  use. 

The  separation  of  the  really  active  constituents  of  opium,  and  the 
observation  of  the  extreme  variability  of  its  per  centage  composition, 
must  have  convinced  physicians,  that  in  this  substance  they  employed 
an  instrument,  the  powers  of  which  lay  beyond  their  calculation, 
and  must  have  awakened  them  to  the  necessity  of  substituting  for 
an  uncontrolled  mixture,  a  medicine  of  known  action. 

From  this  necessity  arose  the  manufacture  on  a  large  scale,  of 
morphia  and  codeia  which  has  now  become  so  extensive. 

The  discovery  of  methods  for  the  separation,  on  a  practical  scale, 
of  the  constituents  of  opium,  has  largely  occupied  chemists.  On 
the  present  occasion  I  shall  confine  myself  to  one  or  two  of  the  most 
important  of  these. 

The  mode  of  preparation  of  the  two  most  important  opium  com- 
pounds—morphia and  codeiar-is  the  process  originally  proposed  by 
Hobertson  and  Gregory,  the  principal  points  of  which  are  the 
following : — 

From  the  watery  extract  of  opium,  meconic  acid  is  removed  by 
precipitation  with  Ca  Cl^  as  meconates  of  calcium,  leaving  in  solu- 
tion meconine  and  all  the  bases,  as  hydrochlorates.  The  liquid  is 
then  concentrated,  whereby  it  deposits  first  more  meconate  of  cal- 
cium, and  afterwards  hydrochl orate  of  morphia  and  hydrochlorate 
of  codeia.  These  two  bases  are  separated  by  NH3  which  precipi- 
tates the  morphia,  while  the  codeia  remains  dissolved. 

For  the  separation  of  the  other  ingredients  Anderson  has  given 
the  most  convenient  mode,  which  I  will  describe  shortly. 

To  the  mother  liquor  N  H3  is  added.  A  precipitate  falls,  consist- 
ing chiefly  of  narcotine,  papaverine  and  thebaine,  while  narceine 
and  meconine  remain  in  solution.  From  this  precipitate  narcotine 
is  extracted  by  boiling  spirit,  the  remainder  dissolved  in  water 
containing  acetic  acid  and  papaverine  thrown  down  by  subacetate 
of  lead,  whereafter  it  can  be  extracted  from  this  precipitate  by 
digesting  it  with  alcohol.  After  the  excess  of  lead  in  the  solution 
is  removed  by  sulphuretted  hydrogen,  N  H3  precipitates  thebaine. 

If  the  liquid,  containing  chiefly  narceine  and  meconine  be  con- 
centrated, narceine  separates,  and  from  the  sufficiently  concentrated 
liquid  meconine  may  be  obtained  by  agitation  with  ether. 
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The  new  base,  which  I  have  described  above,  is  obtained  finom  the 
narceine  by  dissolving  it  in  boiling  water. 

On  account  of  its  behaviour  with  solvents  and  with  alkalies  and 
alkaline  carbonates,  I  draw  the  conclusion  that  it  has  hitherto 
been  overlooked,  although  it  is  probably  a  constant  constituent  of 
opium.  I  am  therefore  employed  at  present  in  searching  for  it  in 
the  mother  liquor  firom  the  preparation  of  morphia  and  oodeia,  b  j 
the  Robertson-Gregory  process. 


XVI. — j^otea  on  the  Cemetery  of  Staglieno,  near  Genoa.      By  Mr. 

Charles  Heath  Wilson. 


Communicated  by  Dr.  Gairdkbr,  March  22,  1871. 


Professor  Gairdner,  in  introducing  the  paper,  said  that  the 
cause  of  its  being  written  was  that  he  had  heard  before  of  the 
Cemetery,  and  on  visiting  Genoa  last  May  he  took  the  opportunity 
of  going  to  see  it.  He  had  then  expressed  to  Mr.  Wilson  his 
desire  to  have  a  few  details  about  the  Cemetery  for  the  satisfitction 
of  his  own  mind.  Mr.  Wilson  had  been  kind  enough  to  send  him 
this  long  and  interesting  communication;  and  he  (Dr.  Gairdner) 
thought  he  should  perform  a  duty  by  bringing  it  before  the  public 
of  Glasgow,  more  especially  because  he  considered  it  a  solemn 
obligation,  on  the  part  of  the  public  authorities,  to  take  more  care 
for  the  disposing  of  the  dead  than  they  generally  did,  or  were  at 
present  doing,  in  Glasgow. 

Abstract. 

Mr.  Wilson  introduces  his  subject  by  contrasting  the  decent  atten- 
tion now  paid  to  the  dead  in  Italy  with  the  practice  formerly 
existing,  of  carrying  dead  bodies,  exposed,  to  the  churches  where 
services  were  performed.  The  Cemetery  of  Staglieno,  near  Genoa, 
was  first  proposed  in  1835,  and  the  design  was  approved  in  1840, 
It  is  the  work  of  the  city  architect,  Professor  Bezzasco.  lievel 
ground  is  rare  near  Genoa;  and  part  of  that  purchased  by  the 
municipality  for  the  cemetery — namely,  60,000  square  metres — ^was 
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a  rough  and  rocky  hill-side.  Excavations  were  begun,  and  the  soil 
was  cast  into  the  valley  at  the  base  to  raise  it  sufficiently  above  the 
torrent,  and  to  level  it;  whilst  the  hill-side  was  terraced  for  the 
intended  buildings.  It  was  a  work  of  considerable  labour  and 
expense  to  excavate  so  much  rock;  but  in  these  days  of  railway 
cuttings  no  one  shrinks  before  such  attempts.  In  1851  the  new 
cemetery  was  opened,  being  250  metres  long  and  210  wide;  that  is, 
about  812  feet  long  by  about  681  wide.  The  central  level  space  is 
surrounded  on  the  front  next  the  torrent,  and  the  two  flanks,  by 
magnificent  arcaded  porticoes,  about  18  feet  high  internally,  built 
of  a  gray  stone,  hard  and  compact,  from  La  Spezzia,  and  a  hard 
stone  of  a  yellow  colour  from  Nice.  The  order  selected  is  the 
Grecian  Doric,  combined,  however,  with  the  Koman  arcaded 
construction;  and  the  general  idea  of  the  porticoes  is,  in  point  of 
design,  that  of  a  story  of  the  Coliseum,  which  has  served  as  models 
for  so  much  Italian  architecture.  The  arches  are  8  feet  2  inches  in 
the  opening.  The  width  of  the  arcade  from  the  external  line  to  the 
internal  is  14  feet  8  inches.  (The  proportions  of  the  structure,  and 
its  general  appearance,  were  illustrated  by  photographs  and  drawings.) 
The  architectural  efiect  is  very  noble,  the  arcades  are  handsome, 
and  the  stair-cases  also.  The  whole  of  the  vast  edifice  is  honey- 
combed with  graves  and  vaults,  the  very  walls  of  the  arcades  in 
many  places  containing  shelves  for  bodies.  The  cost  of  such  a 
work  is  great.  About  one-third  remains  to  be  finished ;  yet  already 
more  than  a  million  francs  of  clear  profit  has  been  derived  frt)m  it 
by  the  municipality.  Here  is  an  encouragement  to  mxinicipal 
virtue  and  municipal  taste.  Had  it  been  less  splendid,  less  great 
as  a  work  of  art — ^had  it  been  a  cheese-paring  work — the  account  on 
the  credit  side  would  have  been  very  different.  It  is  its  very 
beauty  that  makes  it  so  popular  that  all  classes  buy  graves.  The 
proof  which  is  given  of  regard  for  the  dead  in  this  new  cemetery, 
the  prodigious  outlay  on  graves  and  monuments,  the  tender, 
touching,  simple,  unaffected  inscriptions,  altogether  tell  a  tale  the 
very  reverse  of  popular  impressions  of  Italian  sentiment  and 
Italian  domestic  life  based  on  travellers'  tales.  The  lairs  are  sold 
at  prices  which  greatly  vary,  those  in  the  upper  gaUeries  being  the 
most  costly.  The  best  lairs  are  sold  at  8,000  francs  in  the  upper 
porticoes,  and  at  3,000  in  those  below;  that  is,  at  £320  and  £120. 
They  are  all  shallow  graves,  and  contain  no  earth.  The  dead,  the 
writer  supposes,  are  buried  in  lead.  The  pavements  are  hermeti- 
cally sealed.  In  some  cases  families  have  purchased  entire  divi- 
sions, for  one  of  which  the  Serra  family  has  paid  £1,200.     The 
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opposite  pavilion  will  bring  50,000  francs,  the  desire  for  possession 
has  so  increased.  In  the  back  galleries  above  the  wall,  graves  are 
700  francs  each;  those  in  pavement,  650  francs,  kc.  In  the  central 
ground  a  grave  can  only  be  purchased  for  thirty  years,  at  225  francs. 
At  the  end  of  that  time  the  possession  ceases,  and  the  bones  are 
removed  to  the  ossuary  and  buried  permanently.  The  vaults  and 
shelves  in  the  galleries  are  permanent  property.  The  ivriter  next 
adverted  to  the  sculptures  introduced  into  the  cemetery,  and  the 
great  improvement  in  its  style,  as  contrasted  with  the  state  of 
monumental  art,  not  merely  in  other  countries,  but  in  Grenoa  itself 
when  the  cemetery  was  founded.  Since  that  period  a  school 
of  sculpture  has  been  created  which  produces  excellent  works. 
(Photographs  of  several  specimens  were  shown.)  Instances  were 
mentioned  of  sculpture  which  cost  X880,  £640,  kc.  The  cemetery, 
when  finished,  including  the  ground  and  architectural  portion, 
will  cost  5,000,000  francs;  but  when  all  the  vaults  are  sold,  a  large 
profit  will  accrue  to  the  municipality.  The  burial  of  the  poor,  in 
what  may  be  called  the  ^'  common  ground,"  is  done  at  the  expense 
of  the  city. 

Mr.  Brohhead  asked  if  every  body  was  inclosed  in  a  grave 
hermetically  sealed  1 

Professor  Gairdner  explained  that  they  were  not.  The 
wealthier  class  were  buried  in  lead  coffins,  and  had  no  earth  on 
them.     The  ordinary  ones  were  buried  as  with  us. 

Mr.  Bromuead  having  made  some  remarks  on  Mr.  "Wilson's 
reference  to  the  superiority  of  the  monuments  in  the  Campo  Santo, 

Mr.  Mossman  said  that  if  some  such  scheme  as  that  proposed 
were  carried  out  in  this  country,  it  would  put  the  artists  in  a  much 
better  position.  Our  northern  climate,  with  its  fr*equent  rains, 
would  always  be  a  hindrance  to  the  progress  of  out-door  sculpture; 
but  as  our  Protestant  Church  does  not  encourage  to  a  great  extent 
sculpture  within  its  walls,  a  system  of  having  decorated  cemeteries  of 
this  nature  would  supply  a  desideratum  which  in  England  the  fine 
arts  had  never  enjoyed  before.  In  the  Campo  Santo  in  Florence — an 
open  space  surrounded  by  galleries — ^there  was  a  model  which  he 
had  often  thought  would  do  for  this  country.  The  plan  described 
by  Mr.  Wilson  was  just  the  same  carried  to  a  frirther  extent.  A 
wealthy  community  like  Glasgow  would  have  no  great  difficulty,  in 
the  course  of  time,  in  getting  up  a  very  spacious  cemetery. 

Mr.  DowifiE  said  that  this  system  was  in  very  general  use  in 
some  parts  of  America,  especially  in  the  South.     The  vaults  were 
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bricked  up  and  kept  close  for  a  long  time  before  being  allowed  to  be 
opened  again;  and  in  regard  to  sanitary  arrangements,  it  stood  the 
test.  One  reason  why  they  did  not  put  earth  in  the  graves  at  New 
Orleans  was  that  they  were  below  the  Mississippi. 

Professor  Gairdner  said,  the  only  remark  he  had  to  make  was 
to  strengthen  the  conclusion  to  which  Mr.  Wilson's  paper  seemed 
to  point, — that  in  all  large  places  like  Glasgow  it  was  a  clear  duty 
for  the  municipality  to  remove  this  matter  out  of  the  domain  of 
private  enterprise,  and  to  deal  with  it  in  the  large  and  liberal  spirit 
which  it  demanded  on  behalf  of  the  public,  both  as  a  matter  of  taste 
and  aesthetics,  and,  of  what  was  of  £&r  greater  consequence,  as  a  matter 
of  decency  and  public  health.     In  Glasgow  our  position  was   as 
nearly  as  possible  the  following  : — ^We  had  checked  the  worst  abuses 
to  a  considerable  extent  wherever  we  had  the  power — only  recently, 
however,  we  had  put  an  end  to  the  most  offensive  and  abominable  pit 
burials,  and  had  shut  up  some  of  the  intra-mural  cemeteries.     But 
the  moment  you  attempted  to  go  the  least  thing  further,  the  difficulty 
was  that  every  single  bit  of  ground  they  shut  up  simply  raised  the 
price  of  ground  in  the  extra-mural  cemeteries,  and  increased  the 
difficulty  for  the  poor.     Among  the  14,000  deaths  that  took  place  in 
the  year  in  Glasgow,  a  large  proportion  was  among  the  poor,  near  the 
centre  of  the  town;  and  every  difficulty  we  put  in  their  way  was 
simply  making  it  more  impossible  for  the  poor  to  bury  their  dead 
with  anything  like  comfort  and  decency,  and  making  burial  break 
the  back  of  the  poor  man.     As  long  as  burial  was  made  a  matter  of 
private  enterprise,  we  were  shutting  up  the  intra-mural  cemeteries 
at  the  expense  of  the  poor;  and  there  was  literally  no  other  way  out 
of  it,  except   for  the   municipality  to  constitute  themselves   the 
administrators  of  the  whole  matter  of  burial.     If  we  had  large, 
numbers  of  poor  living  near  the  centre  of  the  town,  it  was  impossible 
but  that  great  numbers  of  deaths  must  occur  there.     He  held  that 
the  municipality  should  take  the  matter  out  of  private  hands,  and 
liberally  assist  in  the  removal  of  the  dead  to  extra-mural  cemeteries. 
If  we  removed  the  cemeteries  out  of  the  town  for  the  benefit  of  the 
public,  the  public  should  repay  to  the  poor  man  the  increase  of 
expense  thus  caused  to  him.     We  could  defray  the  cost  of  this  by 
the  means  that  the  Genoese  had  used — viz.,  make  the  cemeteries 
so  attractive  and  beautiful  that  they  would  pay. 
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Dr.  Legg  in  London  was  kind  enough  to  examine  this  base  also 
and  fonnd  that  a  frog  was  not  affected  bj  the  subcutaneous  injection 
of  1  grain  and  that  4*5  grains  injected  under  the  skin  of  a  dog 
weighing  15  lbs.,  was  likewise  without  appreciable  effect  of  any  sort. 

To  understand  the  relations  of  this  base,  I  shall  add  a  short  his- 
tory of  the  discovery  of  the  chief  constituents  of  opium. 

In  the  fifth  century  B.C.,  opium,  the  dried  sap  of  papaver  sofnni- 
/eruniy  was  known  as  a  body  possessing  intoxicating  properties.  In 
the  eighteenth  century,  different  chemists  (Neumann,^  Ho&nann, 
Haller,  Wedel,  Tralles)  called  attention  to  the  possibility  of  extract- 
ing therefrom  a  crystallizable  octJ  salt,  while  others,  such  as  Bucholzf 
(1802)  did  not  succeed  in  obtaining  it. 

In  1803,  Derosne  in  Paris  published  an  analysis  of  opium^J  in 
which  he  confirms  the  statement  of  the  earlier  chemists,  in  so  far  as 
the  existence  of  a  crystalline  body  in  opium  is  concerned,  but  denies 
that  the  salt  is  an  acid  one.  However,  he  does  not  consider  it  to 
be  a  salt,  but  a  peculiar  vegetable  constituent  of  opium.  His  further 
observations  are,  in  brief,  that  this  constituent  of  opium  is  readily 
soluble  in  acids  and  is  precipitated  unchanged  by  alkalies  fix>ni  its 
solution.  He  adds,  that  he  has  not  succeeded  in  obtaining  the  pre- 
cipitate perfectly  free  from  alkali  and  consequently,  that  the  body 
which  is  identical  with  that  obtained  directly  from  opium,  possesses 
an  alkaline  reaction. 

Two  years  afterwards  the  first  results  §  of  an  opium  investigation 
by  SeitUmer,  begun  in  1804,  appeared,  which  was  completed  in 
1806  II  and  in  which  new  facts  worthy  of  notice  were  for  the  first 
time  reported.  In  this  the  discovery  of  a  new  acid,  meconic  acid, 
is  described  and  that  of  another  bodv,  which  exists  in  combination 
with  the  add  and  thus  diBtinetl,  she'ws  that  it  pos«««e,  properties 
Similar  to  those  of  the  alkalies.  In  this  paper  therefore  Sertiimer 
announced  an  entirely  new  idea,  in  addition  to  the  discovery  of  new- 
bodies  with  well  marked  characters.  Not  much  notice  however, 
was  taken  of  this  and  the  whole  matter  sunk  into  obscurity  until 
the  year  1817. 

At  this  time  a  second  investigation  by  the  same  chemist  ap- 
peared,1f  which  caused  chemists,  especially  in  France,  to  direct  their 
attention  to  the  subject.     Sertiimer  named   the   basic  substance 

•  Leclioneg  .  .  4  Sithjectis  PharmaceutkU,  1730;   The  Che.m,  Works  of  C.  X,, 
2,42. 
f  Kopp,  Geschichle  der  Chemie,  4,  408.  X  Ann.de  Chimie,  45,  257-285. 
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niorphium  and,  in  consequence  of  his  observations,  speaks  of  it  as 
a  new  alkaline  base,  capable  of  forming  salts  which  appear  to  be 
closely  allied  to  ammonia  and  differs  from  the  alkalies  only  in 
being  less  powerftil.  In  pointing  this  out,  he  had  given  the  true 
explanation  for  his  observations  and  whilst  Sertumer's  labours 
exceeded  all  that  had  been  done  before  upon  this  subject,  a  new  era 
was  commenced,  not  only  in  our  knowledge  of  opium,  but  in 
organic  chemistry. 

Such  also  was  the  opinion  of  Gay-Lussac  *  when  he  heard  of  this 
discovery  and  to  him  the  matter  appeared  so  important,  that  he 
commissioned  Kobiquet  to  make  a  further  examination.  However, 
before  Robiquet's  investigation  appeared,  which  took  place  in  the 
same  year,  Sertumer's  investigations  were  repeated  by  Choulant  in 
Dresden  t  and  his  results  confirmed.  Robiquet's  results  J  also  agree 
with  those  of  Serturner  regarding  morphia.  But  Sertiimer  had 
considered  Dcrosne's  salt,  as  he  calls  it,  to  be  meconate  of  morphia 
(he  was  not  acquainted  with  Derosne's  investigation  until  he 
had  finished  his  own  in  1805),  and  Hobiquet  pointed  out  this 
error  and  proved  that  there  were  three  distinct  bodies  existing  in 
opium.  But  he  was  unable  to  give  any  explanation  of  the  nature  of 
Derosne's  salt  and  with  regard  to  meconic  acid,  fell  into  the  same 
error  as  Serturner  had  done,  namely,  that  it  is  capable  of  being 
sublimed. 

In  the  following  year  it  was  again  Sertiimer  who  threw  some 
light  upon  Derosne's  salt  §  and  also  ui)on  meconic  acid.  In  a  paper 
he  shewed  that  that  salt  is  not  a  homogeneous  plant  constituent 
as  Derosne  considered,  but  a  real  salt,  consisting  of  meconic  acid 
and  a  basic  body  which  resembles  morphia,  but  is  not  able  like  this 
to  saturate  the  acids  entirely  and  this  accounts  for  the  acid  reaction 
of  its  salts.  Although  SertUrner  pointed  out  this  second  base  as 
a  second  morphium  oxide  (in  accordance  with  his  theory,  in 
which  he  regarded  at  that  time  morphia  as  the  oxide  of  a  radical, 
which  he  called  morphium  and  in  which  he  compared  the  new  body 
with  the  peroxides,  on  account  of  its  slight  basic  properties) 
narcotine  is  clearly  recognizable,  from  the  description  of  the  pro- 
perties of  the  substance  and  its  salts.  Regarding  meconic  acid  he 
says,  in  opposition  to  Robiquet  and  Choulant,  and  in  vindication  of 
his  own  view,  that  the  acid  obtained  by  subliming  meconic  acid  is 


•  Gilbert's  Ann,,  66,  337.  +  Gilbert's  Ann,,  56,  342. 
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Gregory,  led  Robiquet  in  1832  to  the  discovery  .of  the  strong  base 
codeia,  *  as  he  observed  that  the  hydrochlorate  of  morphia  obtained 
by  this  method,  by  precipitation  with  NHj,  yielded  less  pure 
morphia  than  the  hydrochlorate  obtained  by  direct  precipitation 
of  the  aqueous  extract  of  opium  with  NH3,  etc.  This  caused 
him  to  examine  the  reason  of  the  difference.  In  the  same  year, 
Pelletiert  discovered  narceine,  which  he  first  considered  to  be  a 
weak  base,  which  view  however,  he  afterwards  J  contradicted.  In 
1833,  Thiboum^ry  §  discovered  thebaine,  when  attempting  to  find  a 
new  method  for  the  preparation  of  morphia,  in  Pelletier's  manu- 
fectory.  This  was  at  first  considered  by  Pelletier  as  an  isomer 
of  morphia,  and  was  therefore  called  paramorphia,  until  Couerbe, 
who  recognized  its  different  composition,  gave  it  its  present  name. 
In  1848  Merck  ||  discovered  papaverine,  another  well  characterized 
base. 

Besides  the  bodies  already  mentioned,  others  have  been  dis- 
covered in  opium.  They  are,  however,  either  of  not  much  import- 
ance, or  their  very  existence  is  doubtful. 

Such  are  pseudomorphine,  opianine,  porphyroxine,  thebolactic 
acid,  cryptopia  and  others. 

Of  much  more  importance  is  the  labour  expended  by  chemists  in 
the  detection  of  the  constitution  of  these  bodies,  especially  since 
Liebig  (1830)  made  the  analysis  of  organic  substances  so  extremely 
simple.  But  it  would  occupy  too  much  time  even  to  name  all  the 
investigations  which  have  been  made  and  I  therefore  will  only 
make  some  remarks  on  the  bases  themselves. 

How  has  shewn,  that  the  opium  bases  are  to  be  regarded  as  nitril 
bases.  But  concerning  their  constitution  we  know  almost  nothing, 
except  narcotine,  the  separation  of  which  into  cotamine  and  opianic 
acid,  Wohler  has  first  shewn.  Some  time  later,  Anderson  made  a 
further  investigation  of  this  subject  and  found,  that  the  first  pro- 
duct of  this  decomposition  is  opianyl,  and  proved  the  identity  of 
this  body  with  meconine.  Afterwards,  Matthiessen  and  Foster's 
investigation  led  to  the  formula  for  narcotine  now  in  use. 

The  formula  for  morphia  has  been  fixed  by  Laurent.  It  difibrs 
from  the  formulas  employed  by  Begnault  and  by  Liebig,  by  having 
one  H  less  than  the  former,  and  one  H  more  than  the  latter. 

•  Jaum,  de  Phar,,  19,  88. 
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Codeift  ha^^  been  moat  completelT  examined  bj  AnderaoiL,  who 
confirms  the  formula  proposed  bj  Geriuurdt. 

Our  knowledge  of  the  composition  of  thebcdne  and  nareeme  is 
doe  to  Anderson.  He  corrected  the  error  ^  Pelktier  and  ahewed 
that  narceine  ia  a  basic  substance. 

Merck  and  Anderson  haTe  worked  upon  paparerine,  and  the 
latter  confirmed  the  correctness  of  Merck's  formula  and  made  us 
acquainted  with  a  number  of  substitution  products^ 

The  formula  of  meconic  acid  has  been  fixed  by  Liebig  and  fbond 
to  be  correct  br  Stenhouse. 

Couerbe  discovered  the  composition  of  meconine,  but  the  fbrxnuia 
he  employed  was  doubled  by  Anderson,  one  result  of  his  investi- 
gations upon  narcotine. 

The  idea  that  those  plants,  or  portions  of  plants,  which  were 
used  in  medicine  from  the  earliest  times,  did  not  as  a  whole  possess 
the  Talue  ascribed  to  them,  was  first  promulgated  bj  ParacelsuSw* 
He  maintaine<i  the  presence  in  them  of  a  proximate  principle,  ^which 
could  be  extracted  and  to  which  the  medical  action  was  due ;  and 
it  was  he  who  tried  to  separate  them  and  to  employ  them  insteftd  of 
the  entire  plant. 

This  idea  of  Paracelsus  has  been  since  then  more  or  less  generally 
adopted  and  attempts  to  realize  it  haye  been  made. 

Accordingly,  Derosne  instituted  physiological  experiments  f  with 
the  body  he  obtained,  and  was  ocm\'inced  that  he  had  extracted 
one  of  the  active  constituents  of  opium.  Sertiimer  also  (1817) 
expressed  his  opinion  X  that  the  medical  action  of  opium  was  identic 
cal  with  that  of  pure  morphia  and  that  the  latter  would  pErob«Uy 
soon  expel  opium  from  the  pharmacopoeia.  Somewhat  later,  when 
he  recognized  meconic  acid  as  an  active  constituent  of  opium  and 
called  it  a  frightful  poison,  §  he  proposed  that  it  and  narcotine 
should  be  removed  frx>m  opium  before  use;||  the  error  howeyer, 
was  first  pointed  out  by  Somering,^  after  it  had  been  established 
by  Orfila,**  Mayer  ft  and  others,  that  the  properties  of  opium  were 
found  to  be  unchanged  in  morphia. 

Notwithstanding  all  this,  a  certain  confrision  on  this  point  existed 
during  subsequent  years  and  we  encounter  the  striking  fact,  that 
while  many  W  denied  morphia  what  is  now  recognized  as  its  char> 

•  Koiip,  GtBchichU  der  Ch^mw,  1,  9a     t  Ann,  de  Chimie,  45.  282L 
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acteristic  effect,  capital  punishment  was  at  the  same  time  inflicted 
in  France  on  account  of  poisoning  by  its  means. 

Chemists  at  that  time  were  no  less  at  a  loss  for  want  of  a  re- 
action for  the  detection  of  morphia  in  medico-legal  cases,  as  that 
which  had  hitherto  been  used  for  opium,  namely  the  reaction  of 
meconic  acid  with  a  ferric  salt,  was  no  longer  of  any  use. 

The  separation  of  the  really  active  constituents  of  opium,  and  the 
observation  of  the  extreme  variability  of  its  per  centage  composition, 
must  have  convinced  physicians,  that  in  this  substance  they  employed 
an  instrument,  the  powers  of  which  lay  beyond  their  calculation, 
and  must  have  awakened  them  to  the  necessity  of  substituting  for 
an  uncontrolled  mixture,  a  medicine  of  known  action. 

From  this  necessity  arose  the  manufacture  on  a  large  scale,  of 
morphia  and  codeia  which  has  now  become  so  extensive. 

The  discovery  of  methods  for  the  separation,  on  a  practical  scale, 
of  the  constituents  of  opium,  has  largely  occupied  chemists.  On 
the  present  occasion  I  shall  confine  myself  to  one  or  two  of  the  most 
important  of  these. 

The  mode  of  preparation  of  the  two  most  important  opium  com- 
pounds — morphia  and  codeia — is  the  process  originally  proposed  by 
Robertson  and  Gregory,  the  principal  points  of  which  are  the 
following : — 

From  the  watery  extract  of  opium,  meconic  acid  is  removed  by 
precipitation  with  Ca  Clj  as  meconates  of  calcium,  leaving  in  solu- 
tion meconine  and  all  the  bases,  as  hydrochlorates.  The  liquid  is 
then  concentrated,  whereby  it  deposits  first  more  meconate  of  cal- 
cium, and  afterwards  hydrochlorate  of  morphia  and  hydrochlorate 
of  codeia.  These  two  bases  are  separated  by  N  H3  which  precipi- 
tates the  morphia,  while  the  codeia  remains  dissolved. 

For  the  separation  of  the  other  ingredients  Anderson  has  given 
the  most  convenient  mode,  which  I  will  describe  shortly. 

To  the  mother  liquor  N  H3  is  added.  A  precipitate  falls,  consist- 
ing chiefly  of  narcotine,  papaverine  and  thebaine,  while  narceine 
and  meconine  remain  in  solution.  From  this  precipitate  narcotine 
is  extracted  by  boiling  spirit,  the  remainder  dissolved  in  water 
containing  acetic  acid  and  papaverine  thrown  down  by  subacetate 
of  lead,  whereafter  it  can  be  extracted  from  this  precipitate  by 
digesting  it  with  alcohol.  After  the  excess  of  lead  in  the  solution 
is  removed  by  sulphuretted  hydrogen,  N  H3  precipitates  thebaine. 

If  the  liquid,  containing  chiefly  narceine  and  meconine  be  con- 
centrated, narceine  separates,  and  from  the  sufficiently  concentrated 
liquid  meconine  may  be  obtained  by  agitation  with  ether. 
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The  new  base,  which  I  have  described  above,  is  obtained  from  the 
narceine  by  dissolving  it  in  boiling  water. 

On  account  of  its  behaviour  with  solvents  and  with  alkalies  and 
alkaline  carbonates,  I  draw  the  conclusion  that  it  has  hitherto 
been  overlooked,  although  it  is  probably  a  constant  constituent  of 
opium.  I  am  therefore  employed  at  present  in  searching  for  it  in 
the  mother  liquor  from  the  preparation  of  morphia  and  codeia,  by 
the  Robertson-Gregory  process. 


XVI. — Notea  on  the  Cemetery  of  Staglieno,  riear  Genoa.      By  Mr. 

Charles  Heath  Wilson. 


Commtinicated  by  Dr.  Gairdner,  March  22,  1871. 


Professor  Gairdner,  in  introducing  the  paper,  said  that  the 
cause  of  its  being  written  was  that  he  had  heard  before  of  the 
Cemetery,  and  on  visiting  Genoa  last  May  he  took  the  opportunity 
of  going  to  see  it.  He  had  then  expressed  to  Mr.  Wilson  his 
desire  to  have  a  few  details  about  the  Cemetery  for  the  satisfiebction 
of  his  own  mind.  Mr.  Wilson  had  been  kind  enough  to  send  him 
this  long  and  interesting  communication ;  and  he  (Dr.  Gairdner) 
thought  he  should  perform  a  duty  by  bringing  it  before  the  public 
of  Glasgow,  more  especially  because  he  considered  it  a  solemn 
obligation,  on  the  part  of  the  public  authorities,  to  take  more  care 
for  the  disposing  of  the  dead  than  they  generally  did,  or  were  at 
present  doing,  in  Glasgow. 

Abstract. 

Mr.  Wilson  introduces  his  subject  by  contrasting  the  decent  atten- 
tion now  paid  to  the  dead  in  Italy  with  the  practice  formerly 
existing,  of  carrying  dead  bodies,  exposed,  to  the  churches  where 
services  were  performed.  The  Cemetery  of  Staglieno,  near  Genoa, 
was  first  proposed  in  1835,  and  the  design  was  approved  in  1840, 
It  is  the  work  of  the  city  architect,  Professor  Bezzasco.  Lerel 
ground  is  rare  near  Genoa;  and  part  of  that  purchased  by  the 
municipality  for  the  cemetery — namely,  60,000  square  metres — ^was 
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a  rough  and  rocky  hill-side.  Excavations  were  begun,  and  the  soil 
was  cast  into  the  valley  at  the  base  to  raise  it  sufficiently  above  the 
torrent,  and  to  level  it;  whilst  the  hill-side  was  terraced  for  the 
intended  buildings.  It  was  a  work  of  considerable  labour  and 
expense  to  excavate  so  much  rock;  but  in  these  days  of  railway 
cuttings  no  one  shrinks  before  such  attempts.  In  1851  the  new 
cemetery  was  opened,  being  250  metres  long  and  210  wide;  that  is, 
about  812  feet  long  by  about  681  wide.  The  central  level  apace  is 
surrounded  on  the  front  next  the  torrent,  and  the  two  flanks,  by 
magniiicent  arcaded  porticoes,  about  18  feet  high  internally,  built 
of  a  gray  stone,  hard  and  compact,  from  La  Spezzia,  and  a  hard 
stone  of  a  yellow  colour  from  Nice.  The  order  selected  is  the 
Grecian  Doric,  combined,  however,  with  the  Koman  arcaded 
construction;  and  the  general  idea  of  the  porticoes  is,  in  point  of 
design,  that  of  a  story  of  the  Coliseum,  which  has  served  as  models 
for  so  much  Italian  architecture.  The  arches  are  8  feet  2  inches  in 
the  opening.  The  width  of  the  arcade  from  the  external  line  to  the 
internal  is  14  feet  8  inches.  (The  proportions  of  the  structure,  and 
its  general  appearance,  were  illustrated  by  photographs  and  drawings.) 
The  architectural  effect  is  very  noble,  the  arcades  are  handsome, 
and  the  stair-cases  also.  The  whole  of  the  vast  edifice  is  honey- 
combed with  graves  and  vaults,  the  very  walls  of  the  arcades  in 
many  places  containing  shelves  for  bodies.  The  cost  of  such  a 
work  is  great.  About  one-third  remains  to  be  finished;  yet  already 
more  than  a  million  francs  of  clear  profit  has  been  derived  from  it 
by  the  municipality.  Here  is  an  encouragement  to  municipal 
virtue  and  municipal  taste.  Had  it  been  less  splendid,  less  great 
as  a  work  of  art — ^had  it  been  a  cheese-paring  work — the  account  on 
the  credit  side  would  have  been  very  different.  It  is  its  very 
beauty  that  makes  it  so  popular  that  all  classes  buy  graves.  The 
proof  which  is  given  of  regard  for  the  dead  in  this  new  cemetery, 
the  prodigious  outlay  on  graves  and  monuments,  the  tender, 
touching,  simple,  unaffected  inscriptions,  altogether  tell  a  tale  the 
very  reverse  of  popular  impressions  of  Italian  sentiment  and 
Italian  domestic  life  based  on  travellers'  tales.  The  lairs  are  sold 
at  prices  which  greatly  vary,  those  in  the  upper  galleries  being  the 
most  costly.  The  best  lairs  are  sold  at  8,000  francs  in  the  upper 
porticoes,  and  at  3,000  in  those  below;  that  is,  at  £320  and  £120. 
They  are  all  shallow  graves,  and  contain  no  earth.  The  dead,  the 
writer  supposes,  are  buried  in  lead.  The  pavements  are  hermeti- 
cally sealed.  In  some  cases  families  have  purchased  entire  divi- 
sions, for  one  of  which  the  Serra  family  has  paid  £1,200.     The 
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opposite  pavilion  will  bring  50,000  francs,  the  desire  for  possession 
has  so  increased.     In  the  back  galleries  above  the  wall,  graves  are 
700  francs  each ;  those  in  pavement,  650  francs,  drc     In  the  central 
ground  a  grave  can  only  be  purchased  for  thirty  years,  at  225  francs. 
At  the  end  of  that  time  the  possession  ceases,  and  the  bones  are 
removed  to  the  ossuary  and  buried  permanently.     The  vaults  and 
shelves  in  the  galleries  are  permanent  property.     The  writer  next 
adverted  to  the  sculptures  introduced  into  the  cemetery,  and  the 
great  improvement  in  its  style,  as   contrasted  with   the  state  of 
monumental  art,  not  merely  in  other  countries,  but  in  Genoa  itself 
when  the   cemetery  was  founded.      Since  that   period   a  school 
of  sculpture  has   been  created  which   produces  excellent  works. 
(Photographs  of  several  specimens  were  shown.)     Instances  were 
mentioned  of  sculpture  which  cost  £880,  £640,  Ac.     The  cemetery, 
when  finished,  including  the  ground   and  architectural   portion, 
will  cost  5,000,000  francs;  but  when  all  the  vaults  are  sold,  a  large 
profit  will  accrue  to  the  municipality.     The  burial  of  the  poor,  in 
what  may  be  called  the  *^  common  ground,**  is  done  at  the  expense 
of  the  city. 

Mb.  Bbomhead  asked  if  every  body  was  inclosed  in  a  grave 
hermetically  sealed? 

Professor  Gairdner  explained  that  they  were  not.  The 
wealthier  class  were  buried  in  lead  coffins,  and  had  no  earth  on 
them.     The  ordinary  ones  were  buried  as  with  us. 

Mr.  Bromhead  having  made  some  remarks  on  Mr.  Wilson's 
reference  to  the  superiority  of  the  monuments  in  the  Campo  Santo, 

Mr.  Mobsman  said  that  if  some  such  scheme  as  that  proposed 
were  carried  out  in  this  country,  it  would  put  the  artists  in  a  much 
better  position.  Our  northern  climate,  with  its  frequent  rains, 
would  always  be  a  hindrance  to  the  progress  of  out-door  sculpture; 
but  as  our  Protestant  Church  does  not  encourage  to  a  great  extent 
sculpture  within  its  walls,  a  system  of  having  decorated  cemeteries  of 
this  nature  would  supply  a  desideratum  which  in  England  the  fine 
arts  had  never  enjoyed  before.  In  the  Campo  Santo  in  Florence — an 
open  space  surrounded  by  galleries — there  was  a  model  which  he 
had  often  thought  would  do  for  this  country.  The  plan  described 
by  Mr.  Wilson  was  just  the  same  carried  to  a  further  extent.  A 
wealthy  community  like  Glasgow  would  have  no  great  difficoltyi  in 
the  course  of  time,  in  getting  up  a  very  spacious  cemetery. 

Mb.  Downis  said  that  this  system  was  in  very  general  use  in 
some  parts  of  America,  especially  in  the  South.     The  vaults  were 
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bricked  up  and  kept  close  for  a  long  time  before  being  allowed  to  be 
opened  again;  and  in  regard  to  sanitary  arrangements,  it  stood  the 
test.  One  reason  why  they  did  not  put  earth  in  the  graves  at  New 
Orleans  was  that  they  were  below  the  Mississippi. 

Professor  Gairdner  said,  the  only  remark  he  had  to  make  was 
to  strengthen  the  conclusion  to  which  Mr.  Wilson's  paper  seemed 
to  point, — that  in  all  large  places  like  Glasgow  it  was  a  clear  duty 
for  the  municipality  to  remove  this  matter  out  of  the  domain  of 
private  enterprise,  and  to  deal  with  it  in  the  large  and  liberal  spirit 
which  it  demanded  on  behalf  of  the  public,  both  as  a  matter  of  taste 
and  aesthetics,  and,  of  what  was  of  far  greater  consequence,  as  a  matter 
of  decency  and  public  health.     In  Glasgow  our  position  was   as 
nearly  as  possible  the  following : — ^We  had  checked  the  worst  abuses 
to  a  considerable  extent  wherever  we  had  the  power — only  recently, 
however,  we  had  put  an  end  to  the  most  offensive  and  abominable  pit 
burials,  and  had  shut  up  some  of  the  intra-mural  cemeteries.     But 
the  moment  you  attempted  to  go  the  least  thing  further,  the  difficulty 
was  that  every  single  bit  of  ground  they  shut  up  simply  raised  the 
price  of  ground  in  the  extra-mural  cemeteries,  and  increased  the 
difficulty  for  the  poor.     Among  the  14,000  deaths  that  took  place  in 
the  year  in  Glasgow,  a  large  proportion  was  among  the  poor,  near  the 
centre  of  the  town;  and  every  difficulty  we  put  in  their  way  was 
simply  making  it  more  impossible  for  the  poor  to  bury  their  dead 
with  anything  like  comfort  and  decency,  and  making  burial  break 
the  back  of  the  poor  man.     As  long  as  burial  was  made  a  matter  of 
private  enterprise,  we  were  shutting  up  the  intra-mural  cemeteries 
at  the  expense  of  the  poor;  and  there  was  literally  no  other  way  out 
of  it,  except   for  the   municipality  to  constitute  themselves  the 
administrators  of  the  whole  matter  of  burial.     If  we  had  large, 
numbers  of  poor  living  near  the  centre  of  the  town,  it  was  impossible 
but  that  great  numbers  of  deaths  must  occur  there.     He  held  that 
the  municipality  should  take  the  matter  out  of  private  hands,  and 
liberally  assist  in  the  removal  of  the  dead  to  extra-mural  cemeteries. 
If  we  removed  the  cemeteries  out  of  the  town  for  the  benefit  of  the 
public,  the  public  should  repay  to  the  poor  man  the  increase  of 
expense  thus  caused  to  him.     We  could  defray  the  cost  of  this  by 
the  means  that  the  Genoese  had  used — ^viz.,  make  the  cemeteriea 
so  attractive  and  beautiful  that  they  would  pay. 
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XVII. — On  stme  Evidences  as  to  the  very  Early  Use  of  Iron,  and  on 
certain  Old  Bits  of  Iron  in  particular.  Bj  Mr.  St.  John 
Vincent  Day,  C.E.,  F.R.S.E.,  &c 


Kead  before  the  Society,  April  12,  1871. 


« 

The  object  of  this  pajver  is  to  show  that  a  considerably  remoter 
archieology  can  be  claimed  for  the  employment  by  man  of  iron  than 
has  hitherto  been  generally  accepted.  That  iron  was  amongst  the 
very  earliest,  if  not  in  fact  the  earliest,  of  all  the  metals  with  'which 
man  was  acquainted,  we  have  abundant  literary  evidence.  Until 
lately,  however,  that  has  stooil  alone,  unconfirmed  by  any  eatem- 
porary  testimony.  Now,  however,  we  are  in  a  position  to  shew, 
from  two  kinds  of  cotemi)orary  proof,  that  iron  was  well  known  to 
man,  in  some  parts  of  this  earth  at  least,  diuing  the  very  remotest 
ages  which  it  is  jwssible  with  any  degree  of  certainty  to  reach. 
The  two  kinds  of  evidence  to  which  I  allude  are — 

1st.  That  of  the  hieroglyphs. 

2nd.  Certain  material  specimens. 

These  two  evidences  appear  now  not  only  to  confirm  each  other, 
but  what  is  more  important  still,  establish  the  solid  truth  of  that 

literarv   testimouv   which   in  these   latter  days  has  come   to   be 

•  •  • 

doubtoti :  and  although  not  yet  complete,  a  further  confirmation  of 
the  extremely  ancient  uses  of  iron  may  confidently  be  expected 
ere  long  as  a  result  of  researches  into  traditions  and  the  com- 
[prison  of  myths. — the  inquirers  into  which  having  already  so  well 
succeedeil  in  evoking  little  grains  of  truth  out  of  whole  mountains 
of  mvth. 

When  examining  the  works  of  those  authors  who  have  written  on 
the  history  of  iron,  I  have  frequently  noticed  the  scantiness  of  their 
attempts  to  indicate  what  is  until  now  absolutely  ascertained,  as  dis- 
tinct from  what  is  handed  down  as  tradition  concerning  the  use  of 
that  metal  in  pre-historic  ages;  and  I  am  disposed  to  believe  that 
defect  merely  as  a  result  of  the  trust  which  those  authors  appear  to 
have  placed  in  the  teachings  of  a  certain  modem  school,  which,  going 
dead  against  all  literary  testimony,  declares  for,  and  only  for,  the  ex- 
tremely high  antiquity  of  copi>er  and  its  alloys.  When,  too,  certain 
researchers  into  the  **  Antiquity  of  Man  " — supposing  him  to  have 
been  evolved  by  successive  spontaneous  efforts  from  an  extremely 
low  tyjH^  of  or^nic  existence — claim  that  the  appearance  of  iron 
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The  object  of  this  jiaper  is  to  show  that  a  considerably  remoter 
archaeology  can  be  claimed  for  the  employment  by  man  of  iron  tiian 
has  hitherto  been  generally  accepted.  That  iron  was  amongst  the 
Tery  earliest^  if  not  in  fact  the  earliest,  of  all  the  metals  with  ^rhich 
man  was  acquainted,  we  have  abundant  literary  evidence.  XTntO 
lately,  however,  that  has  stood  alone,  unconfirmed  by  any  caiemr 
porary  testimony.  Now,  however,  we  are  in  a  position  to  shew, 
from  two  kinds  of  cotemporary  proof,  that  iron  was  well  known  to 
man,  in  some  parts  of  this  earth  at  least,  during  the  very  remotest 
ages  which  it  is  possible  with  any  degree  of  certainty  to  reach. 
The  two  kinds  of  evidence  to  which  I  allude  are — 

1st.  That  of  the  hieroglyphs. 

2nd.  Certain  material  specimens. 

These  two  evidences  appear  now  not  only  to  confirm  each  other, 
but  what  is  more  important  still,  establish  the  solid  truth  of  that 
literary  testimony  which  in  these  latter  days  has  come  to  be 
doubted;  and  although  not  yet  complete,  a  further  oonfirmatioii  of 
the  extremely  ancient  uses  of  iron  may  confidently  be  expected 
ere  long  as  a  result  of  researches  into  traditions  and  the  com- 
parison of  myths, — the  inquirers  into  which  having  already  so  well 
succeeded  in  evoking  little  grains  of  truth  out  of  whole  mountains 
of  myth. 

When  examining  the  works  of  those  authors  who  have  written  on 
the  history  of  iron,  I  have  frequently  noticed  the  scantiness  of  their 
attempts  to  indicate  what  is  until  now  absolutely  ascertained,  as  dis- 
tinct from  what  is  handed  down  as  tradition  concerning  the  use  of 
that  metal  in  pre-historic  ages;  and  I  am  disposed  to  believe  that 
defect  merely  as  a  result  of  the  trust  which  those  authors  appear  to 
have  placed  in  the  teachings  of  a  certain  modem  school,  which,  going 
dead  against  all  literary  testimony,  declares  for,  and  only  for,  the  ex- 
tremely high  antiquity  of  copper  and  its  alloys.  When,  too,  certain 
researchers  into  the  "  Antiquity  of  Man  " — supposing  him  to  have 
been  evolved  by  successive  spontaneous  efforts  from  an  extremely 
low  type  of  organic  existence — claim  that  the  appearance  of  iron 
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on  the  scene  marks  so  decided  a  step  on  .the  road  to  a  higher 
civilization,  it  is  strange,  indeed,  that  their  inquiries  into  the 
remotest  limit  of  time,  when  man  became  an  iron-using  animal,  bear 
no  stamp  upon  them  indicative  of  having  been  directed  into  the 
earliest  ages  of  which,  and  in  countries  where,  we  have  positive 
cotemporary  testimony — actual  cotemporary  feet  to  rest  upon — 
rather  than  that  a  continued  trust  should  be  vouchsafed  to  the  very 
uncertain  records  and  theories  as  concerning  other  countries  and 
still  later  ages,  but  founded  only  on  mere  probabilities. 

Writers  on  what  has  hitherto  been  defined  as  the  early  history  of 
iron  we  have  had  in  abundance,  since  the  time  when  Layard  de- 
posited in  our  British  Museum  the  metallurgical  trophies  of  his 
excavations  in  that  Interamnian  plain  where  once  stood  the  As- 
syrian Nineveh  and  Babylon;  or  since  Rhind,  after  exploring  the 
tomb  of  Sebau,  wherein  he  is  reported  to  have  discovered,  "  on  the 
massive  doors  of  the  inner  repositories,  hasps  and  nails,  still  as 
lustrous  and  as  pliant  as  on  the  day  they  lefl  the  forge,"*  contended 
that  iron  was  extensively  used  in  Greece  between  the  epoch  of  the 
Homeric  poems  (from  900  b.c.  to  1000  B.C.)  and  the  full  historic 
period  of  Greece,  and  that  within  about  the  same  interval,  if  not  pro- 
bably with  an  earlier  commencement,  the  same  metal  was  more  or 
less  completely  displacing  bronze  in  Egypt.  It  is  inferred  by 
Ehind — at  least  so  I  gather  from  Dr  Percy's  remarks — that  Sebau 
was  bom  about  b.c.  68,  and  died  B.C.  9 ;  but  we  shall  hereafter  see 
that  iron  was  known  to  and  used  by  the  Egyptians  many  centuries 
earlier,  also  that,  before  the  time  of  the  Persian  invasion  under 
Cambyses,  there  was  enough  iron  in  the  country,  as  Belzoni  has 
pointed  out,  to  make  instruments  of  agriculture  with.  Plate 
I.  is   a  full-sized  picture  of  a   sickle  t  found  by  Belzoni  under 

*  MetaUurg]/:  Iran  and  Steel,    By  John  Percy,  F.KS.     London.     1864. 

f  Extract  from  Karraiive  of  the  OpertUions  and  Recent  Discoveries  within  the 
Pyramids,  Temples,  Tombs,  and  Excavations  in  Egypt  and  Nubia,  etc.,  etc.  By 
G.  fixLZONi.    A.D.  1821.     Published  by  Murray. 

**  Two  other  articles  were  found  in  this  excavation,  of  which  one  is  a  tomb- 
stone, and  the  other  an  iron  sickle  "  (p.  162) 

"  But  the  iron  sickle,  to  which  I  would  call  the  attention,  was  found  under 
the  feet  of  one  of  the  sphinxes  on  its  removaL  I  was  present ;  one  of  the  men 
took  it  up  and  gave  it  to  ipe.  It  was  broken  into  three  pieces,  and  so  decayed 
that  the  rust  had  eaten  even  to  the  centre.  It  was  rather  thicker  than  the 
sickles  of  the  present  time,  but  exactly  of  the  common  shape  and  size  of  ours. 
It  is  now  in  the  possession  of  Mr.  Salt.  The  question  is.  At  what  time  were 
these  statues  placed  there  ?  They  could  not  have  been  dexxwited  subsequently 
to  the  age  of  the  Ptolemies ;  for  it  appears  that  since  the  time  of  Cambsrsee,  who 
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the  fetft  of  one  of  the  gphinxes  at  Kamak, — a  Bufficient  proof 
that,  at  abont  B.c.  600,  the  blacksmith's  art  was  well  understood 
and  practised  in  Upper  Egypt ;  so  that  whilst  the  testimony  I  hope 
to  adduce  may  be  no  refutation  of  Rhind's  view  in  regard  to 
iron  displacing  bronze  at  the  particular  time  he  mentions — ^for 
it  is  quite  within  the  limits  of  probability  that  when  alloys  were 
discovered  iron  may  have  for  a  time  fidlen  into  disuse — ^yet  the 
evidence  to  be  hereafter  dealt  with  will,  I  venture  to  believe,  shew 
that  to  Egypt,  and  not  Greece,  must  our  attention  be  addressed  for  the 
solution  of  all  problems  bearing  on  the  most  ancient  metallurgy. 

By  the  distinguished  leader  in  another  brandi  of  modem  investi- 
gation the  true  history  of  iron  has  had  a  thick  veil  cast  over  it.  I 
allude  to  what  Professor  Max  Miiller,  who,  reasoning  on  a  purely 
philological  basis,  has  propounded ;  but  on  examining  his  great  work, 
the  Science  of  lAinguage,  it  is  easy  to  see  that  he  has  been  lai^ly 
influenced  by  M.  Morlot*s  conclusions,  for  he  quotes  M.  Morlot 
extensively ;  and  from  the  use  of  certain  words  in  the  Odyney^ 
concludes  that  the  Greek  language  was  spoken  before  the  discovery 
of  iron,  and  that  iron  certainly  was  not  known  previous  to  the 
breaking  up  of  the  Aryan  family.  But  Professor  Max  Miiller  has 
overlooked  apparently  what  may  be  gathered  as  to  the  early  use  of 
iron  from  another  great  branch  of  the  human  Ceunily — namely,  the 
Semitic — ^to  which  branch  both  modem  Coptic  and  ancient  Egyptian 
belong,  as  indeed  he  himself  has  pointed  out.*  The  testimony 
of  the  ancient  Egyptian  language,  as  well  as  modem  Coptic,  have 
of  late  thrown  a  flood  of  light  on  the  subject  of  this  inquiry. 
Yet,  before  passing  on  from  Professor  Max  Miiller,  I  wish  to 
bring  to  your  notice— for  I  should  err  in  my  duty  were  I  to 
omit  doing  so — another  still  more  remarkable  error  into  which  he 
has  fallen,  by  trusting  it  would  seem,  too  exclusively  to  language- 
science.  This  error  occurs  in  the  following  sentence: — "In  the 
Homeric  poems,  knives,  spear-points,  and  armour  were  still  made 

destroyed  the  gods  of  Egjrpt,  the  ooontxy  has  never  been  invaded,  so  as  to 
compel  the  people  to  conceal  their  idols;  and  it  is  evident  that  these  statues 
had  been  hidden  in  a  hurry,  from  the  irregular  and  ooDfuaed  manner  in  which 
they  lie.  Now,  as  the  sickle  was  found  nnder  the  statae  above  mentioned,  I 
think  it  a  safficieut  proof  ihaJL  there  woe  troa  in  the  country  long  hrfore  the 
invaeiou  of  the  Persians,  since  the  Egyptians  had  enough  to  make  instroments  of 
agricaltnre  with.  Sickles  of  the  same  form  are  to  be  seen  in  many  agricultural 
representations  in  the  tombs,"  etc,  etc  (p  163). 

*  Lectures  on  the  Science  cf  Language  (p  316).    London,  1866.    First  Series. 
Ixmgmans. 
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of  copper;  and  we  can  hardly  doubt  that  the  ancients  knew  a 
process  of  hardening  that  pliant  metal,  most  likely  by  r^McUed  emdting 
and  immernan  in  VKUer* 

Now,  what  exactly  the  phrase  "  repeated  smelting  "  may  mean,  as 
used  in  this  connection,  it  is  difficult  to  assert;  but  as  emeUing 
involves  hecUing,  I  conclude  that  the  phrase  should  rather  be 
"  repeated  heating."  But  whether  I  am  correct  in  that  inference 
is  of  no  consequence;  for,  as  a  pure  matter  of  certainty,  it  is  well 
known  that,  unlike  iron,  copper  is  not  hardened  by  immersion  or 
cooling  in  water,  but,  on  the  contrary,  it  is  softened  thereby; 
indeed,  it  is  the  constant  practice  of  coppersmiths  and  other 
craftsmen,  when  desiring  to  soften  that  metal  or  its  alloys,  to 
heat  it  and  cool  it  in  water,  whilst  it  is  hardened  by  rolling, 
beating,  or  pressing;  and  one  of  these  latter  operations  was 
doubtless  not  unknown  to  the  Greek  makers  of  knives  and  spear- 
heads in  copper. 

The  paucity  of  researches  bearing  on  the  knowledge  and  use  of 
iron  in  pre-historic  ages  can,  as  I  have  already  hinted  at,  be  scarcely 
any  other  than  the  direct  outcome  of  that  dogma  propounded 
by  the  Danish  and  Swedish  antiquaries — Nillson,  Steenstrup, 
Forchammer,  Worsaae,  and  others — ^which  teaches  that  men  began 
to  use  tools  of  stone,  then  bronze,  and  lastly  iron. 

As  to  the  beginnings  of  man,  in  some  parts  of  the  world 
at  least,  to  do  his  work  with  stones,  it  is  no  business  of 
ours  just  now  to  enter  upon,  nor,  indeed,  does  there  seem 
occasion  to  do  so,  for  the  conclusions  in  that  connection  appear, 
so  far  as  an  incomplete  testimony  can  go,  well  founded.  But 
concerning  the  further  question,  as  to  whether  bronze  and  iron 
came  universally  to  be  employed  in  the  order  of  succession  assigned 
to  them  by  the  progressive  developists,  amongst  each  of  the  sections 
of  mankind  now  grouped  according  to  the  character  of  their 
language  into  the  Aryan,  Semitic,  and  Turanian  families,  we  have, 
I  believe,  sufficient  grounds  to  question. 

It  is  asserted,  as  I  have  already  mentioned,  that  the  appearance 
of  iron  on  the  scene  is  an  index  to  certain  guides  of  our  own 
times,  that  a  higher  civilization  prevailed  than  where  bronze  ia 
present,  as  may  be  gathered  from  the  following  passage  of  Sir 
Charles  Lyell's  writings,  when  quoting  M.  Morlot,t  he  says : — **  The 
next  stage  of  improvement  that  is  manifested  by  the  substitution  of 

*  Lectures  on  the  Science  of  Language  (p.  230).     London,  1868.    Second 
Series.    Longmans, 
t  BuUetin  de  la  SoditS  Vaudoise  des  Sciences  NaturtHUs^  torn,  vi,  p.  292. 
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iron  for  bronze  indicfties  mnother  stride  in  tlie  progress  of  the  art. 
Iron  nerer  presents  itself  except  in  meteorites  in  a  natiTo  state;  so 
Uiat  to  recognize  its  ores,  and  then  to  separate  the  metal  from  the 
matrix,  demands  no  small  exerdse  of  the  power  of  observation  and 
invention."*  To  the  metallorgist,  howerer,  who  is  oonTersant  with 
the  art  and  science  of  extracting  metals  frc»n  the  (ves,  and  of  com- 
pounding them  together  as  alloys,  the  {Mctore  at  once  presents  a 
difierent  view;  and  it  is  indeed  seme  satisfaction  to  know  that  the 
iHnonze  and  iron  order  of  socoession  does  not  receive  the  assent  of 
our  leading  living  metallurgist.  Dr.  Percy. 

That  school,  however,  which  claims  the  higher  antiquity  for  the 
alloy  bronze  seems  to  infer  that  because  no  iron  specimens  are  pointed 
out  so  old  by  centuries,  perhaps  by  thousands  of  years,  as  this  spear- 
head, that  duael,  this  bowl,  or  that  hatchet  (and  I  am  not  aware 
that  any  one  has  yet  proved  that  an  iron  specimen  has  been  found 
in  the  whole  world  which  could  be  pronounced  even  so  old,  not  to 
mention  older,  than  any  one  of  the  many  bronze  relics  of  which  such 
a  l^on  exist;  indeed,  when  we  reflect  upon  a  certain  peculiarity 
inherent  to  the  metal  iron,  and,  for  our  present  considerations, 
practically  absent  from  the  alloy  bronze,  it  does  appear  scarcely 
possible  that  a  specimen  of  metallic  iron  should  be  found  belonging 
to  nearly  so  early  an  age  as  that  to  which  even  tolerably  late  bronze 
specimens  belong;  for  we  need  only  to  be  reminded  that  iron,  when 
exposed  to  the  action  of  the  air  or  moLsture,  even  in  a  very  few 
years,  becomes  converted  into  an  oxyde,  and  so  entirely  that  it  is 
often  not  possible   to  recognize  whether  it  had  previously  been 
reduced  to  the  metallic  condition  or  not),  iron  could  not  have  been 
previously  used. 

The  Proto-Egyptian  remains,  monuments,  eta,  in  Lower  Egypt 
are  allowed  by  all  men  of  all  creeds  to  be  the  oldest  extant 
relics  of  the  works  of  the  human  race,  (some  of  tiiem  not  only  the 
most  stupendous,  but  the  most  perfect  in  mechanical  excellence 
that  we  can  ascertain  to  have  at  any  time  been  erected  on  this 
earth,  and  but  for  which  inherent  quality  they  would  long  since 
have  passed  out  of  the  reach  of  our  eye-witness — as  many  others 
of  a  lower  order  of  mechanical  construction,  and  of  far  later  date, 
have  passed  away,  even  so  that  their  place  can  nowhere  now  be 
found),  and  confronting  these  primeval  structures  with  the  bronze 
and  iron  succession  dogma,  as  educed  more  especially  from  Scandi- 
navian philosophy — how  does  the  dogma  fit  the  facts  before  us 

*  The  Geological  Evidences  of  the  Antiquity  of  Man,  Sc,  by  Sir  Charles  Lyell,. 
Bart,  F.R.S.     London,  1863. 
If 
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in  respect  of  Proto-Egyptian  testimony.  Methinks  I  hear  the  sup- 
porters of  that  dogma  re-echo,  " Exactly;"  "for  bronze,  it  has  been 
said,  was  compounded  of  such  proportions  of  the  two  metals  that 
the  resulting  alloy  was  so  hard  that  it  would  cut  stone  just  as  well 
as  the  steel  chisels  and  jumpers  of  to-day;  and  therefore  it  must 
have  been  used  in  those  extremely  early  erections."  This  is,  how- 
ever, I  am  disposed  to  believe,  rather  a  begging  of  the  question, 
and  specially  illogical.  For  we  may  surely  in  all  fairness  ask, 
that  since  bronze  is  so  slowly  oxidizable,  if  it  really  was  used  in 
Lower  Egypt,  on  these  the  very  earliest  works  of  man  on  the  earth, 
should  we  not  find  some  specimens  of  it  in  or  about  these  said 
monuments?  Yet,  so  far  as  I  have  been  able  to  ascertain,  not  a 
single  relic  has  been  found  throughout  the  whole  Nile  valley  which 
can  loith  certainty  he  pronounced  so  old  as  either  the  material  or 
hieroglyphic  testimony  which  we  now  possess  regarding  iron. 

But,  to  turn  again  to  the  question  of  the  priority  of  iron, 
how  does  the  investigation  result?  Not,  as  we  should  expect, 
from  the  bronze  and  iron  succession  doctrine,  but  precisely  the 
reverse  of  that;  for  not  only  are  iron  instruments  depicted  in 
the  tomb  pictures  of  the  4th  dynasty  at  Memphis,  but  at 
Memphis  itself:  among  the  monuments  there  metallic  iron  has 
been  found,  and  is  now  in  this  country  of  ours.  Not  only  is  metallic 
iron  found  in  that  very  locality  to-day,  but  remarkably  so,  it  has 
been  found  in  the  very  oldest  building  of  all  there— by  universal 
accord  the  very  oldest  building  in  the  whole  earth;  not  in  that 
particular  building  either,  in  such  a  way  as  to  have  been  placed 
there  by  accident  or  intention,  at  a  time  subsequent  to  the 
erection,  but  in  such  a  way  that  it  could  have  been  placed  there 
when  and  only  when  the  structure  was  in  course  of  erection.  Now, 
it  may  perhaps  appear  startling  to  be  told  that,  after  a  lump  of 
malleable  iron  was  removed  by  blasting  it  out  from  the  solid  masonry 
of  the  Great  Pyramid  by  Col.  Howard  Vyse,  thirty-five  years  ago,  and 
which  has  been  ever  since  deposited  in  the  British  Museum,  I  have 
altogether  failed  to  meet  with  an  allusion  to  it  by  any  writer  on 
the  history  of  metallurgy.  This  piece  of  iron  to  which  I  refer  was 
not  dug  up  amongst  any  rubbish  or  concreted  mass  of  matter  at 
the  foundations  of  the  Pyramid  which  have  there  accumulated, 
but  near  the  top  of  the  building,  as  the  following  passage  and 
certificates,  quoted  from  Howard  Vyse's  Pyramids  of  Gizehf 
testify. 

**  Mr.  Hill  discovered  a  piece  of  iron  in  an  inner  joint,  near  the 
mouth  of  the  southern  air-channel,  which  is  probably  the  oldest 
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piece  of  wrought  iron  known.*     It  haa  been  sent  to  the  British 

Museam,  with  the  following  certificates:" — 

**  This  ii  to  certify,  that  the  piece  of  iron  found  by  me  near  the  month  of  the 
air-passage  in  the  aonthem  ode  of  the  Oremt  Pyramid  at  Gixeh,  on  Friday,  May 
26th,  was  taken  ont  by  me  from  an  inner  joints  qfter  having  removed,  by  bUuling, 
(he  two  outer  tiert  of  the  stones  of  the  present  snr&ce  of  the  Pyramid ;  and  thai 
no  Joint  or  opening  of  any  sort  was  connected  with  the  above-mentioned  joint,  by 
which  the  iron  coold  have  been  placed  in  it  after  the  original  building 
of  the  Pyramid.     I  also  shewed  the  exact  spot  to  Mr.  Perring  on  Satorday, 

June  24th.  ,    ^ 

"J.  R.  HILL. 

«  Caibo,  June  25th,  1837." 

**To  the  above  certi^te  of  Mr.  HiU  I  can  add,  that  since  I  saw  the  spot  at 
the  commencement  of  the  blasting,  there  have  been  two  tiers  of  stones  removed, 
and  that  if  the  piece  of  iron  was  found  in  the  joint  pointed  out  to  me  by  Mr. 
Hill,  and  which  was  covered  by  a  large  stone,  partly  remaining,  it  is  impossible 
it  could  have  been  placed  there  since  the  building  of  the  Pyramid. 

"J.  a  PERRING,  C.E. 

**CAiB0,/y  IMS  27a  1837." 

"  We  hereby  certify  that  we  examined  the  pUoe  whence  the  iron  in  question 

was  taken  by  Mr.  TTill^  and  we  are  of  opinion  that  the  iron  must  h<xve  been  l^ 

in  the  joint  during  the  building  qf  the  Pyramid,  and  that  it  could  not  have  been 

inserted  ttftenoards. 

"ED.  S.  ANDREWS. 

JAMES  MASH,  C.E." 

"  The  mouth  of  this  air-channel  had  not  been  forced — it  measured 
8  J  inches  wide  by  9  J  inches  high — and  had  been  effectually  screened 
from  the  sands  of  the  desert  by  a  projecting  stone  above  it." 

Since,  then,  the  Great  Pyramid  is  absolutely  the  oldest  building 
on  every  testimony,  both  that  of  Herodotus,  the  hieroglyphs,  and 
astronomy,  as  proven  by  the  researches  of  Lepsius,  Wilkinson, 
Fergusson,  Herschel,  and  Smyth;  and  whereas  iron  is  found  there 
and  bronze  is  not ;  and  whereas  it  is  doubtful  whether  any  bronze 
relics  found  near  Jeezeh  are  so  old  as  the  Pyramid,  I  think  the 
proof  is  clear  to  the  most  obstinate,  that  for  iron  we  must  claim 
an  antiquity  far  higher  than  that  hitherto  assigned  to  it.  Yet 
some  will  doubtless  object  to  such  a  conclusion,  seeing  that  it  is 
only  a  single  specimen  which,  so  far,  has  been  found.  It  must  not, 
however,  be  forgotten  that  had  not  this  specimen  been  in  the 

*  Lord  Prudhoe  is  said  to  have  brought  from  Egjrpt  an  ancient  iron  instra- 
ment ;  and  I  thought  that  I  had  perceived  the  remains  of  an  iron  fastening  in 
the  chamber  containing  the  sideboard  or  shelf  in  the  great  temple  at  Aboa 
Simbal.  In  fact,  stone  could  not  have  been  qttarried  without  metal,  which  must, 
therrfore,  have  been  in  use  in  the  earliest  times.  The  smelting  of  metals  seema 
to  have  been  an  antediluvian  art. 


-HP^V 


v>.-: 


M»i 


Mr.  St.  John  Vincent  Day  on  the  Early  Use  of  Irwi,      483 

position  which  the  certificates  I  have  read  to  you  point  out,  that 
is,  walled  in,  removed  from  contact  with  the  corroding  action  of 
the  atmosphere  and  moisture,  but  in  an  exposed  position,  even  it 
could  not  have  come  down  to  our  day;  so  that  if,  as  doubtless 
there  may  have  been,  numerous  tools  of  iron,  or  perhaps,  nay, 
almost  certainly,  steel  left  in  that  locality  by  the  Pyramid  builders, 
it  is  certain  that  unless  enclosed,  as  the  specimen  under  notice  was, 
not  one  of  them  would  have  lasted  until  now,  even  in  that  driest 
of  climates — Lower  Egypt. 

Before,  however,  we  do,  from  the  evidence  afforded  by  this 
particular  specimen  of  iron  from  the  Great  Pyramid,  commit  our- 
selves to  certlkinly  assigning  it  to  be  of  ootemporary  date  with  that 
monument's  erection,  we  have,  in  order  to  act  feiirly  towards  all 
parties,  to  ask  ourselves  whether  it  is  not  probable  that  it  may 
have  been  surreptitiously  dropped  into  the  place  by  some  wily 
Arab  worker,  just  after  the  stones  surrounding  its  site  were 
blasted  away — ^for  some  persons  will  doubtless  be  found  sceptical 
on  that  head — when  remembering  the  cunning  with  which  modem 
Arabs  are  reported  to  drop  fragments  of  pottery  and  bm*nt  brick 
into  Nile  mud  excavations,  on  purpose  to  find  them  afterwards,  so 
as  to  entitle  them  to  baksheesh  from  the  exploring  parties.  If  this 
P3rramid  piece  of  iron  had  been  found  so  recently  as  the  times  when 
the  Nile  mud  excavations  were  carried  on,  wherein  Arab  sagacity 
was  evoked  to  practical  wrong-doing  in  the  prospect  of  reward,  I  for 
one  should  be  disposed  to  place  little  trust  indeed  in  its  testimony; 
but  whereas  it  was  removed  from  the  Pyramid  some  twenty  years 
before  the  time  when  Hekekyan  Bey  and  Mr.  Leonard  Homer 
began  sinking  pits  and  boring  in  the  Delta,  and  in  whose  day  it 
would  appear  that  the  Arab  trick  was  developed;  and  whereas  the 
finding  of  metallic  specimens  in  the  Pyramid  was  no  part  of  Howard 
Yyse's  inquiry,  as  the  finding  of  pottery  specimens  in  the  Delta 
was  of  the  later  investigators, — it  does  not  look  in  any  way 
reasonable  to  suppose  that  the  iron  found  its  way  there  so 
surreptitiously;  and  as  a  positive  argument  against  the  validity 
of  that  suggestion,  the  very  condition  of  the  piece  of  iron  itself 
may  be  noticed,  as  shewn  by  figs.  1  and  2,  Plate  II.* — namely^ 

*  This  Plate,  as  well  m  Plate  I.,  show  the  iroD  apecimena  full  siae,  and  have 
been  copied  firom  photographs  specially  prepared  to  illustrate  this  paper. 

My  friend,  W.  Petrie,  has  been  kind  enongh  to  spend  mnch  time,  at  my 
reqneat,  in  the  examination  of  this  piece  of  iron  from  the  Great  Pyramid;  and 
in  writing  me  lately  regarding  it,  he  says, — *' Thickness  originally,  probably 
\  inch*  In  some  parts  it  is  now  |,  including  the  scale  of  rust,  and  in  other 
parts  it  thins  off  to  nothing.    The  side  having  the  label  upon  it  is  much 
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the  fact  of  its  having  pieces  of  nummulite  limestone — ^indeed,  the 
trace  of  a  nummulite  itself — of  which  very  stone  the  Pjramid  is  builty 
still  adhering  to  it;  and  this  condition  of  the  piece  of  iron 
certainly  looks  like  valid  evidence  of  its  having  been  built  into  the 
Pyrainid,  and  therefore  cotemporary  with  the  erection  of  that 
monument.  Yet  we  still  require  evidence  from  other  sources  to 
ratify  our  conclusions,  and  which  is  happily  forthcoming.  But, 
before  speaking  of  that  further  evidence,  I  wish  to  consider  another 
matter. 

It  is  asserted  by  many  persons  now-a-days,  who,  it  would  appear, 
are  but  little  versed  in  metallurgic  science,  that  iron  indicates  a 
further  acquaintance  with  metallurgic  art  than  bronze  indicates. 
This,  I  believe,  is  a  conclusion  not  only  erroneous,  but  one  which 
no  practical  metallurgist  would  assent  to.  Looking  broadly  at  the 
face  of  metallurgic  science,  it  is  scarcely  possible  to  point  out  a  simpler 
and  more  readily  occurring  result,  than  the  reduction  of  iron  ores  to 
the  metallic  condition,  in  the  manner  wherein  that  was  effected  prior 
to  the  modem  invention  of  cast  iron.  We  must  remember  that 
there  is  not  a  tissue  of  evidence  that  cast  iron  was  known  to  the 
ancients,  although  certain  writers,  and  amongst  them  a  well  known 
member  of  this  Society,  Mr.  James  Napier,  has  written,  that  the 
reduction  of  iron  ore  is  performed  by  mixing  the  oxide  of  the 
metal  '*with  coal  or  other  carbonaceous  matters,  and  subjecting 
thorn  to  a  heat  of  sufficient  intensity  io /use  them,"*  Now,  it  is 
well  ascerttvined,  as  the  result  of  a  very  long  experience,  that  iron 
may  bo  reiluccd  from  the  oxides  to  the  metallic  state  without 
fusion;  indeed,  in  the  most  perfect  blast  furnace  operations,  the 
irv>u  is  reduced  by  carbonic  oxide  before  the  charge  reaches  that 
|>ortion  of  the  furnace  where  fusion  takes  place  (the  smelting  aone 
of   Soheorer).     When  fusion  does  take  place,  we  get  from  the 

rougher  ihan  the  other  tide ;  and  on  this  side  is  a  trace  of  a  nummwlite,  in 
lighter  colour  than  the  iron,  concreted  on  it;  and  there  is  also  a  nodnle  of  stone, 
^  inch  diameter,  projecting  trom  the  awHhoe,  and  sinking  into  the  mstj  — i-nr. 
Judging  fWun  general  appearances  and  wnght^  not  more  than  half  of  what  now 
remains  of  it  consists  of  rust,  the  runainder  is  probably  yet  metallic  The 
colour  of  the  rust  is  the  usual  dark-brown  or  blackish,  not  reddish ;  and  it  is  a 
vsry  hanl  and  eoUd  kind  of  rust,  like  the  magnetic  iron  ote.  It  has  evidentiy 
been  flexible,  tough  wrought-iroo.** 

*  Anckmt  Worttrt  <uui  ArHficen  im  MetaL  By  James  Napier,  F.a&,  Jkc 
London,  1S56.    P.  131 

And  Sir  CharWs  ty4\^  as  if  borrowi^  his  infiNfmatioB  from  Mr.  Kafaer,  goes 
somewhat  farther,  when  he  writes— **To  Jwum  the  ora  requires  an  intense  Iwai^ 
ttot  Io  be  obtained  without  artificial  apfiliaiioe8»  sadi  as  pipes  inflated  by  ike 
kumam  hrtttfk,  or  bdlows,  or  some  other  suitable  maduneq^.** 
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furnace  either  cast  iron  or  crude  steel,  the  iron  being  combined 
with  a  portion  of  the  carbon  of  the  charge.  From  what  we  know 
of -the  most  ancient  methods  of  redaction,  the  fusion  of  the  metal 
was  by  them  impossible.  Hence  the  attempts  in  modem  times  to 
extol  the  difficulty  of  iron-making,  by  supposing  its  fusion  to  have 
been  necessary,  and  therefore  raising  it  high  above  the  state  of 
knowledge  requisite  for  the  more  complex  operations  of  forming  an 
alloy  out  of  two  dissimilar  metals,  are  not  only  incorrect  but 
extremely  misleading.  The  same  author,  to  whom  I  have  already 
referred,  even  goes  so  far  as  to  say  that  ^*  the  smelting  and  manu- 
facture of  iron  is  surrounded  with  so  many  difficulties,  and  needs  scr 
many  requirements  and  such  skill,  that  we  would  expect  it  to  have 
been  amongst  the  last  of  the  metals  that  were  brought  into  use." 
Now,  from  what  has  been  said,  and  from  what  follows,  it  will, 
I  believe,  be  admitted  that  not  only  is  iron  the  very  first  metal 
which  we  should  expect  to  find  brought  into  use,  merely  on  account 
of  the  simplicity  by  which  it  is  reduced  from  its  ores — ^namely,  by 
heating  the  oxides  in  contact  with  carbon,  and  maintaining  that 
contact  for  a  length  of  time  sufficient  to  allow  the  carbon,  by  a 
process  analogous  to  that  of  cementation,  to  attack  the  oxygen  to 
the  innei-most  parts  of  the  lumps  of  ore,  resulting  finally  in  a  mass 
of  malleable  iron  or  a  crude  steel,  ready  to  be  re-heated  and 
hammered  into  any  shape  desired.  Whilst  I  have  been  thus  led 
to  point  out  the  tendency  towards  erroneous  conclusions  to  which 
Sir  Charles  Lyell  and  Mr.  Napier  have  helped  us,  yet  I  must,  in 
due  courtesy,  acknowledge  that  the  latter  gentleman  upsets  his 
own  conclusions  by  showing,  from  literary  and  monumental  proof, 
that  the  use  of  iron  was  at  least  coeval  with  bronze,  if  not  anterior  to 
it;  and  in  so  far  he  has  helped  much  those  who  reason  from  the 
metallurgist's  point  of  view;  for,  quoting  Sir  Gardner  Wilkinson, 
Mr.  Napier  says : — ''  Iron  and  copper  mines  are  found  in  the 
Egyptian  desert,  which  were  worked  in  old  times;  and  the  monu- 
ments of  Thebes,  and  some  of  the  towns  about  Memphis,  dating 
more  than  4,000  years  ago,  represent  butchers  sharpening  their 
knives  on  a  round  bar  of  metal  attached  to  their  aprons,  which, 
from  its  blue  colour,  can  only  be  steel."* 

Sir  Gardner  Wilkinson  himself,  too,  as  late  as  1847,  when  the  third 
edition  of  his  &mous  five  volume  workf  was  published,  has  written — 
*'  The  most  remote  point  to  which  we  can  see  opens  with  a  nation 

*''Tke  Ancient  Warhen  in  Metal "  (p.  133).    London,  1856. 
t  "  The  Manners  and  Custama  qf  the  Ancient  Egyptian»t*'  p.  viii,  Piefiftce. 
London,  1847. 
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pomumtng  aJ2  ike  arts  of  evmLized  li/«  already  mafounedJ*     Wliich  pas- 
■■ge  contnMta  atrikingij  with  inotiier  izl  the  aame  Tolnxne  (p.  59), — 
^  It  wsM  aboat  the  Hune  period,  R.C.  14<^6.  that  some  sappose  the 
lue  of  iron*  to  ha^e  been  iirat  discovered  in  Greece ;  but  whether  it 
waa  alrearl  J  known  in  Egypt  or  no,  is  a  question  hitherto  unanswered. 
We  are  surprised  at  the  execution  of  hierogiyphics  cut  in  hard 
granite  and  basaltic  stone,  to  the  depth  of  two  inches,  and  naturallj 
enquire,  what  means  were  employed — what  tools  were  used?     If  the 
art  of  tempering  steel  was  unknown  to  them,  how  much  more  must 
our  wonder  increase?  and  the  difficulty  of  JmagiTiing  any  niode  of 
applying  copper  to  this  purpose  adds  to  our  perplexLty."*     It  is  singu- 
lar that  so  faithful  and  fiiir-dealing  an  author  as  Sir  Gardner  Wil- 
kinson, one,  too,  so  pre-eminently  rersed,  after  his  long  residence  in 
Egypt,  as  to  the  facts  relating  to  its  history,  and  writing,  too,  so 
many  years  after  the  deposit  of  the  Great  Pyramid  iron  specimen  in 
the  British  Museum,  and  being  in  general  so  exact  a  scholar  Ln  the 
hieroglyphs,  should  assert  that  '*  whether  iron  was  already  known 
in  Egjrpt  or  no,  U  a  fueetion  hitherto  unantwertd.^     Since,  however, 
Wilkinson,  Lyell,  Morlot,   and  certain  Swedes  and   Danes  have 
published  their  views  to  the  world,  Egyptilc^cal  research  has  not 
stood  still ;  on  the  contrary,  it  has  been  prosecuted  with  continued 
energy,  resulting,  so  fikr  as  our  present  purpose  is  concerned,  with 
some  striking  corroborations  of  the  use  of  iron,  not  only  so  early  as 
the  Great  Pyramid  age,  but  much  earlier  still;  for  we  find,  as  it  has 
been  so  learnedly  set  forth  by  Mr.  Basil  H.  Cooper,f  that  there  is 
well   ascertained   hieroglyphic  evidence  of  iron  being  known  in 
Egypt  even  so  early  as  the  sixth  or  seventh  monarch  of  the  jEriC 
dynasty. 

Mr.  Cooper  says, — ''  It  must,  I  think,  be  conceded  .  .  .  that 
■apposing  iron  to  have  been  known  to  the  Egyptians  .  .  .  its 
employment  in  the  construction  of  those  Titanic  erections,  the 
Pyramids,  .  •  .  is  fikr  more  probable  than  the  hypothesis  that 
none  but  bronse  tools  were  used.  And  this,  I  venture  to  think,  can 
be  mtisfiictorily  demonstrated. 

"  The  proof  is  based  on  the  extremely  significant  Ooptie  word  for 
iron,  as  illustrated  and  explained  by  the  mode  in  which  it  is  written 


•  '*  Hfliiod  (in  his  Open  et  IKes)  makes  the  uas  of  iroa  a  sra^  later 
covtrj.  InTbctRiu*tiiiM,  whoaneodadthsthroiitof  AtiiCBsin  1235iLC,iraiiii 
eoi^{«ctursd  not  to  have  been  kaowa,  ashewasiMDidlMuiedwittabffasssvotd 
aadipsar.    Homsr  gHMraQy  speaks  of  braaianM!,  thoag^  he  ■MatioMiiai.'* 

t  TVeaa  ZVcMuAire  AmximHem  for  the  AdwrnMcememi  qf  Sckmee^  Litemtefv, 
mmdArU.    186& 


^«H 
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in  the  hieroglyphical  inscriptionSy  and  on  tlie  occurrence  of  that 
word  as  a  component  element  in  the  name  of  an  Egyptian  Pharaoh 
belonging  to  the  first  dynasty.  The  modem  Egyptian  word  for 
iron  is,  in  the  Sahidic  dialect,  which  is  considered  to  be  the  purest 
Benipi,  or,  with  a  slight  change  in  the  fbial  vowel,  Benipe.  In  the 
hieroglyphical  form  of  the  language  it  is  the  same.  .  .  .  Its  first 
element  is  BA  or  BE  (in  the  Coptic  BO),  meaning  *  hard-wood,'  or 
'  stone ;'  and  the  two  letters  which  spell  the  word  are  often  accom- 
panied in  the  hieroglyphical  inscriptions  by  a  picture  of  the  squared 
stone,  such  as  those  of  which  the  pyramids  were  built.  At  other 
times,  as  if  to  remind  us  that  the  word  originally  meant '  hard-wood,' 
and  that  it  was  only  in  process  of  time  that  it  came  to  denote  '  hard- 
ware' in  general,  including  such  stone  hardware  as  was  going  in 
very  early  times,  the  picture  illustrating  the  spelt  word  was  a 
branch  or  sprig.  The  middle  syllable  in  the  word  Benipe  consists 
of  the  letters  NI,  with  a  very  short  vowel.  It  is  a  preposition, 
answering  to  the  English  '  of.'  The  last  element  in  the  composite 
word  is  the  syllable  PE,  which  is  the  Coptic  word  for  heaven,  or  the 
sky.  And  that  this  is  really  its  signification  here  is  proved  incon- 
trovertibly  by  the  pictures  with  which  this  syllable  is  wont  to  be 
accompanied  in  the  hieroglyphical  orthography  of  the  word  Benipe ; 
for  it  is  the  picture  invariably  used  to  denote  the  heaven,  or  the 
sky,  and  is  employed  for  no  other  purpose.  Properly,  it  represents 
the  ceiling  of  a  temple,  which  was  regarded  as  itself  a  representation 
of  the  sky,  the  true  ceiling  of  the  true  and  original  temple;  and  the 
picture  is  accordingly  wont  to  be  emblazoned  with  stars.  Hence,"* 
says  Mr.  Cooper,  "  the  signification  of  the  entire  word  Benipe,  .  .  . 
although  it  could  not  for  some  time  be  conceived  why  the  Egyptians 
should  have  called  iron  by  so  singular  a  name  as  *  stone  of  heaven,' 
*  stone  of  the  sky,'  *  sky-stone.' " 

Some  time  afterwards,  however,  it  occurred  to  me  that  this  was 
the  very  name  which  would  naturally  be  given  to  the  only  iron 
with  which  men  were  likely  to  meet  in  a  natural  state.  There  is 
but  one  exception  to  the  rule  that  iron  is  never  found  native,  like 
gold  and  some  other  of  the  metals ;  that  exception  is  in  the  instance 
of  meteoric  iron,  which  might  surely  be  called  with  propriety  "  the 
stone  of  heaven,  or  of  the  sky."  "  Moreover — and  I  have  to  thank 
my  friend  Mr.  Pengelly  for  reminding  me  of  the  fact,  and  so 
materially  helping  me  to  shape  out  my  crude  speculation — meteoric 
iron  needs  no  preparatory  process,  as  does  that  procured  from  ores, 
to  render  it  workable.  In  short,  we  may  be  sure,  especially  with 
the  light  thrown  on  the  matter  by  this  invaluable  Egyptian  word, 
Vol.  VII.— No.  3.  2  k 
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bright  with  the  radi&nce  of  that  heaven  which  enters  into  its  com- 
position, that  with  this  wondrous  matter  from  another  sphere  than 
our  own  the  working  of  iron  began.^ 

Whether  Mr.  Basil  Cooper  be  right  or  not  in  liis  final  condusion, 
that  meteoric  iron  was  the  first  used,  I  think  we  scarcely  have  suffi- 
cient evidence  to  convince  us,  although  it  looks  extremelj  probable; 
but  that  the  hieroglyphic  testimony  is  at  one  with  all  the  other 
evidence,  no  one,  I  should  suppose,  would  now  dispute ;  and  espe- 
cially when  we  find  that  in  Lower  Egypt,  in  the  very  earliest  times, 
the  inhabitants  worked  so  perfectly  in  granite,  diorite,  and  others 
of  the  very  hardest  stones,  for  which  copper  or  bronze  tools  would 
be  useless,  the  result  of  tdl  the  testimony  which  I  have  adduced 
is  to  add  another  link  to  the  completion  of  that  chain  of  evidence 
which  in  Egypt  pre-eminently  proves  the  extremely  high  intel- 
lectuality of  man  in  the  earliest  ages  which  we  are  able,  with 
certainty,  to  fathom. 

In  conclusion,  I  have  to  record  my  obligations  to  the  Directors 
of  the  British  Museum;  and  especially  to  the  keeper  there  of  the 
Oriental  Antiquities,  the  learned  Dr.  Birch,  for  affording  me  the 
opportunity  of  having  photographed,  under  Dr.  Birch's  super- 
intendence, the  specimens  of  iron  referred  to  in  this  communication ; 
and  to  my  friend  Mr.  W.  Petrie  I  am  much  indebted  for  fr^uent 
visits  to  the  British  Museum,  and  for  personally  applying  to  the 
Directors,  and  procuring  their  permission  to  photograph  the  iron 
relics. 
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Corporation  Buildings f  November  2,  1870. 

The  Sixty-ninth  Session  of  the  Philosophical  Society  of  Glasgow 
was  opened  this  evening,  in  the  East  Hall  of  the  Upper  Corpora- 
tion Galleries — Dr.  Bryce,  the  President,  in  the  Chair. 

The  following  gentlemen  were  elected  memhers,  having  been 
nominated  at  the  closing  meeting  of  last  session,  viz. : — 

Mr.  Stephen  Mason,  Manufacturer,  47  Queen  Street ;  Mr.  Allan 
H.  Maclellan,  6  Lansdowne  Crescent ;  Mr.  C.  Buie  Kenshaw,  Glen- 
patrick,  by  Paisley;  Dr.  William  Greenlees,  11  Elmbank  Street; 
Mr.  Thomas  Wilkinson  Watson,  8  Grafton  Place;  Mr.  John 
Kankine,  Manager,  Strathclyde  Turkey-red  Dye  Works;  Dr.  A. 
Wood  Smith,  F.F.P.S.G.,  5  Newton  Terrace;  Mr.  James  A. 
Wenley  (Bank  of  Scotland),  8  Lynedoch  Crescent;  Mr.  J.  C. 
Wyper  (Messrs.  F.  Orr  &  Sons),  Union  Street;  Mr.  Robert  A. 
Bryden,  I. A.,  34  Abbotsford  Place ;  Mr.  William  Melvin,  89  South 
Portland  Street;  Dr.  James  Stewart,  6*  Brandon  Place;  Mr. 
Alexander  Fergusson,  Treasurer,  Caledonian  Railway  Company, 
31  Elmbank  Crescent ;  Mr.  James  Aspin,  Yamish  Manufacturer, 
1  India  Street,  West ;  Mr.  Archibald  Nairn,  Wright,  24  Cochran 
Street. 

The  President  delivered  the  Annual  Address,  for  which,  on  the 
motion  of  Dr.  Young,  he  received  the  thanks  of  the  Society. 

It  was  agreed  to  request  two  of  the  three  following  gentlemen  to 
audit  the  Treasurer's  Accounts, — ^viz..  Mi*.  Thomas  Nicolson, 
Writer;  Mr.  James  Reid,  Union  Bank;  and  Mr.  William  Ramsay, 
C.E. 


Corporation  BuiMingSy  November  16,  1870. 

The  Society  met  this  evening  for  the  Sixty-ninth  Annual  Elec- 
tion of  Office-bearers,  and  for  other  general  business — Dr.  Bryce, 
the  President,  in  the  Chair. 

The  following  were  elected  members,  viz. : — 
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Dr.  diaries  Cameron,  A.M.,  294  Bath  Street;  Dr.  T.  K  Thorpe, 
Professor  of  Chemistrr,  Anderson's  TJniversitj;  Mr.  James  l^apier, 
Jan.,  Chemist,  21  Boslin  Drive,  Dennistoun ;  Mr.  John  Strathers, 
Manager,  Turkey-red  Dye  Works,  Blantyre;  Mr.  Kenneth  M. 
Macleod,  Sanitary  Inspector  for  the  City,  5  Bichmond  Street ; 
Mr.  Bohert  Lockhart,  158  St.  George's  Boad;  Dr.  WUli&m  F. 
Collier,  12  Belmont  Crescent;  Mr.  Andrew  Hunter,  274  Bath 
Street ;  Mr.  William  Stevenson,  4  Berkeley  Terrace. 

Mr.  William  Keddie,  the  Secretary,  read  the  Council's  Keport 
on  the  State  of  the  Society, — ^which  was  approved  o^  and  ordered  to 
be  printed  in  the  Proceedings. 


Beport  by  the  Council  on  the  State  op  the  Society. 

I.  Aoeommodaiion, — ^At  the  date  of  last  AutitiaI  Beport,  negotia- 
tions were  in  progress  between  the  Council  and  the  Galleries 
Committee,  with  a  view  to  obtaining  suitable  accommodation  for 
the  ordinary  meetings  of  the  Society,  the  capacity  of  the  Lecture 
Hall  having  been  found  insufficient  for  this  purpose.  The  difficulty 
was  at  length  overcome  by  the  Committee  offering  to  the  Society, 
for  its  ordinary  meetings,  the  East  Hall  of  the  Upper  Corporation 
Galleries,  at  an  additional  rent  of  X30  per  a-nmitn ;  which  offer  the 
Society,  especially  in  consideration  of  the  large  influx  of  new 
members,  authorized  the  Council  to  accept;  and  which  it  accordingly 
did,  in  terms  of  the  following  missive : — 

"  The  Council  of  the  Philosophical  Society  of  Glasgow  hereby 
offers  to  the  Galleries  Committee  of  the  Town  Council  to  lease  the 
East  Hall  of  the  Corporation  Galleries,  for  the  usual  general  meet- 
ings of  the  Society,  at  a  rental  of  £30  sterling  per  annum,  on 
condition  that  the  Hall  is  put  into  a  suitable  and  comfortable  state, 
by  adequate  means  being  adopted  to  prevent  draughts  from  the 
roof  and  doorways;  the  Society  at  the  same  time  to  abide  by  the 
former  arrangement  with  the  Galleries  Committee  as  to  the  oc- 
cupation of  the  Library  Hall  throughout  the  year,  and  the  use  of 
the  Lecture  Hall  for  Sectional  Meetings  on  Mondays  and  Wednes- 
days, from  the  month  of  November  to  May  inclusive,  at  a  rental  of 
£100,  including  £50  of  annual  interest  accruing  to  the  Society 
from  the  Exhibition  Fund  in  possession  of  the  Town  Council;  said 
lease  to  last  for  the  period  of  ten  years,  from  November,  1869,  to 
November,  1879,  with  a  break,  at  the  option  of  either  party,  at  the 
end  of  five  years." 
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II.  Architectural  Section. — The  Council  of  the  Glasgow  Archi- 
tectural Society  having  concluded  an  arrangement  for  a  union  of 
that  body  with  the  Philosophical  Society,  as  one  of  its  Sections,  the 
formation  of  the  Architectural  Section  was  declared  on  the  12th  of 
January.  The  number  of  members  of  the  Section,  who  are  also 
members  of  the  Philosophical  Society,  is  47.  They  have  brought 
into  the  Society  a  large  and  valuable  collection  of  books  on  archi- 
tecture, which  remain  their  own  property,  but  are  freely  accessible 
to  all  the  members  of  the  Society.  This  collection  occupies  a 
separate  room.  A  catalogue  of  the  books  will  be  appended  to  the 
Society's  Library  Catalogue,  now  in  the  press. 

III.  The  Proceedings, — The  printed  Proceedings  of  thfe  Society  in 
the  Session  1869-70  occupied  358  pages,  and  form  the  second  part 
of  the  Seventh  Volume. 

The  opening  address,  by  Dr.  Brtce,  the  President,  contained  a 
comprehensive  account  of  the  life  and  labours  of  the  late  Mr. 
Thomas  Graham,  Master  of  the  Mint,  together  with  notices  of 
deceased  members  of  the  Society.  Sixty  pages  are  occupied  by  a 
condensed  report  of  a  discussion  on  the  subject  of  Patents  for 
Inventions^  which  occupied  three  successive  meetings  of  the  Society, 
and  gave  rise  to  very  general  interest.  This  was  followed  by  a 
paper  "  On  the  Principles  Affecting  the  Solvency  of  a  Life  As- 
surance Company,  and  the  best  means  of  Protecting  the  Public 
against  their  Violation,"  by  Mr.  James  R.  Macfadyen.  Dr.  W.  T. 
Gairdner,  Professor  of  Practice  of  Physic  in  the  University  of  Glas- 
gow, and  Health  Officer  of  the  City,  delivered  a  discourse  ''  On 
defects  of  House  Construction  in  Glasgow  as  a  cause  of  Mortality," 
which  gave  rise  to  a  discussion  occupying  a  separate  evening,  and 
which  is  also  reported  in  the  Proceedings.  Mr.  Watson,  the  City 
Chamberlain,  read  a  paper  ''  On  the  Vital  and  Social  Statistics  of 
Glasgow  in  1869."  Mr.  John  M.  Thomson  made  a  communication 
'*  On  the  Appearance  and  Chemical  Constitution  of  Ancient  Glass 
found  in  Tombs  in  the  Island  of  Cyprus."  Dr.  Bryce  read  a  paper 
"On  the  Syenitic  Bocks  of  Westfield,  near  Linlithgow,  with 
remarks  on  the  suitability  of  various  rocks  for  harbour  works  and 
street  materials."  This  was  followed  by  a  paper  "  On  China 
Grass,"  by  Mr.  W.  Keddie. 

To  the  Chemical  Section  the  Proceedings  were  indebted  for  the 
following  communications,  viz. : — "  Note  on  the  Action  of  House 
Sewage  on  Lead  Pipes,"  by  Mr.  Edward  C.  C.  Stanford;  "  On  the 
Estimation  of  Iodine  and  Bromine,  with  special  reference  to  the 
Analysis  of  Kelp,"  by  Mr.  Robert  R.  Tatlock;  "On  the  Chemistry 
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of  Coal  Smoke,"  by  Mr.  W.  R.  Hutton;  "  On  Artificial  Alizarine," 
by  Mr.  J,  Wallace  Young;  "Notes  of  Experiments  on  Artificial 
Alizarine/'  by  Mr.  John  Christie ;  "  Note  on  a  specimen  of  Shell 
Sand  from  the  Island  of  Coll,"  by  Mr.  Edward  C.  C.  Stanford;  "  On 
a  Method  for  Obtaining  a  Continuous  Current  of  Air  in  Gas  under 
Pressure,  for  Blow-pipe  or  other  Purposes,"  by  Mr.  T.  L.  Patterson; 
"  On  the  Eicamination  of  Air,"  by  Dr.  K  Angus  Smith. 

Papers  on  the  following  subjects  were  read  before  the  Society, 
but  not  included  in  the  printed  Proceedings — ^viz.,  "  On  the  Geo- 
logical Structure  of  Skye  and  the  West  Highlands,"  by  Dr.  Bryce; 
"  On  the  Recent  Progress  of  the  Iron  Manufacture  in  Cleveland," 
by  Mr.  John  Mayer;  "  On  the  Definition  of  a  Formation  in  Geology," 
by  Professor  Young;  "  Description  of  the  Structural  Characteristics 
of  the  different  species  of  Megalichthys,  with  microscopical  illas- 
trations,"  by  Mr.  James  Thomson. 

The  Proceedings  close  with  a  report  on  the  business  of  the 
Chemical  Section,  by  Mr.  Tatlock,  the  Secretary;  and  a  report 
from  the  Sanitary  and  Social  Economy  Section,  by  Mr.  David  G. 
Hoey,  the  Secretary,  containing  a  resume  of  an  important  sucoession 
of  papers  and  discussions,  which,  during  the  session,  had  occupied 
the  attention  of  the  Section. 

StaU  of  </*e  Membership. — In  last  annual  report  it  was  stated  that 
the  total  membership  on  the  evening  corresponding  to  the  present 
was  387,  the  increase  on  the  previous  year  having  been  the  greatest 
ever  reported  in  any  one  session.  On  the  present  occasion  the 
Council  has  to  re}>ort  that  this  rate  of  increase  was  greatly  exceeded 
during  the  last  session,  the  total  number  of  members  now  on  the 
roll,  including  nine  elected  this  evening,  being  507. 

Mr.  St.  John  Vincent  Day,  the  Librarian,  read  a  Report  on 
the  State  of  the  Library, — ^which  was  approved  o^  and  ordered  to  be 
printed  in  the  Proceedings. 

Report  of  Librarian  on  the  State  of  the  Librabt. 

On  taking  office,  the  Library  Committee  found  the  work  of 
furnishing  the  Library  hall,  and  of  arranging  the  Library  in  its 
new  abode,  as  well  as  the  system  of  exchanges,  necessarily  iBoom- 
plete ;  but  they  are  now  glad  in  being  able  to  state  that  the  famish- 
ing of  the  Library  hall  is  completed, — a  series  of  reading  tables  and 
eWairs  have  been  provided,  and  the  floor  has  been  covered  with 
Kamptulicon.    Another  matter  of  great  importance  has  been  carried 
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out — namely  this,  that  all  the  book-cases  hays  been  labelled  with 
alphabetical  marks,  and  the  books  arranged  in  the  cases  so  as  to 
effect  a  maximum  of  economy  in  the  space  at  our  disposal 

By  means  of  these  case  or  press  marks,  the  knowing  where  to 
find  any  and  every  book  in  the  collection  will  be  in  the  possession 
of  every  member, — ^that  particular  knowledge  will  be  now  removed 
from  the  control  of  the  sub-librarian ;  but  to  prevent  any  irregulari- 
ties, such  as  have  sometimes  occurred,  the  book-cases  will  for  the 
futtire  be  kept  locked.  Hitherto  the  catalogue  consisted  merely  of 
an  alphabetical  and  classified  list  of  the  books,  but  no  one  except 
the  sub-librarian  knew  where  to  find  a  book  when  it  was  asked  for ; 
and,  at  any  time  of  change  in  the  appointment  to  that  office,  great 
confusion  and  inconvenience  were  necessarily  caused  to  the  members. 
That  defect  will  now  be  entirely  removed,  as  in  the  new  catalogue  a 
special  mark  will  be  appended  to  each  entry,  indicating  the  case  or 
press  and  shelf  therein  where  the  book  or  books  are  to  be  found. 
The  new  catalogue  is  in  the  printer's  hands;  but  its  accuracy  depends 
on  one  condition,  which  the  Library  Committee  cannot  too  earnestly 
impress  upon  all  those  members  who  at  present  have  books  in  their 
possession, — namely,  that  they  return  all  books  to  the  library  at 
once,  in  order  that  the  titles  and  other  particulars  may  be  duly 
mentioned  in,  and  compared  with,  the  new  catalogue.  Unless  this 
matter  is  attended  to,  it  is  next  to  impossible  to  make  the  catalogue 
as  perfect  as  we  desire  it  to  be. 

In  the  purchasing  of  new  books,  the  Library  Committee  have 
endeavoured  to  provide  such  works  in  science  which  appear  to  be 
the  requisites  of  a  strictly  "  Philosophical "  library,  excluding  such 
works  as  may  be  found  in  the  more  general  libraries  of  a  large  city 
like  Glasgow.  The  Library  Committee  wish,  however,  to  mention 
the  desirability  of  more  firequent  use  of  the  "  proposal "  book  than 
has  hithei'to  been  practised.  Nearly  two  hundred  volumes  have 
been  added  to  your  library  during  the  last  year,  besides  books 
received  as  donations,  as  Tfell  as  the  usual  purchase  of  periodic 
scientific  literature.  Amongst  the  volumes  added,  the  Library 
Committee  are  glad  to  notify  a  complete  copy  of  the  PhilosophiccU 
Transactions  from  the  commencement  of  the  Royal  Society,  down 
to  the  present  year — ^in  all,  eighty-seven  volumes.  You  will  bo 
pleased  to  hear  that  this  set  of  the  Philosophical  Transactions — a 
most  difficult  work  to  obtain,  except  at  an  enormous  price — ^has 
been  procured  at  an  exceedingly  low  price,  barely  over  ten  shillings 
per  volume.  Besides  works  in  otir  own  language,  the  Committee 
endeavoured  to  provide    the    leading  scientific  works    in    other 
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Snropeui  luxgiiBgeB,  ms  w^  ms  to  malce  up  defixti  of  rohixnes  in 
ircnb  inoompletod. 

But  the  stsn£e  on  iht  Contment  Lu  for  tbe  time  pat  an  end  to 
scienti^c   publishing  iherc;   it  bas  aAected,   too,   the  publishing 
world  genanllT,  insonrodi  thit  xoy  leir  wofb  of  impcwtanoe  to 
a  ^  FkiloBopiiicml  ^  libxmij  hare  xoade,  or  are  likel j  to  niake  tli^r 
appeuanoe  tlds  Besson.     Tht  sysbeok  of  excliBnge  whidi  Tonr  late 
Hlxanan  bo  gres^ j  enhanced  has  been  extended.     Your  libiarian 
bas  lateQ  J  placed  himself  in  oommiinication  with  man  j  ofther  bodies 
hitherto,  it  is  belieTed,  nnapproadied,  and  so  fkr  with    snooess. 
But,  gentlemen,  there  is  one  great  misfortune  with  which  we  have 
to  contend, — the  libxanr  itself  is  driTen  into  a  comer, — -we  hare 
not  room  enough,  out  book^raacs  are  crammed;  and,  as  ran  know, 
we   now  hare  an   addition — tii^  ihe  library  of  the   Ardiitects' 
Soeaetj — bat  tctj  onsatasiiictoiilT  prorided  £ar;  for  it  cannot  be 
said  that  where  these  Tahiable  bo<^  are  now  located,  in  a  cramped 
commitute-room,   is  a  fit  |^aoe  lor  thesa;    imate  acomnmodation 
for  oar  books  we  most  have,  if  the  Sodetj  condnaes  to  grow  at 
the  {»^esent  rate;   and  onlen  a  proposal  whidi  it  is  hoped  ere 
long  to  notify  for  that  pvrpose  is  carried  oot^  it  is  to  be  £sared 
a  complaint  may  come  &om  oar  Architeotaral  Section. 

In  landing,  sereral  arrears  have  been  made  ap,  bat  a  great  many 
isare  works  resmin  to  be  boond.  Yoor  lifaraiy  is  rapidly  growing — 
it  now  nombers  over  five  thousand  Tolames;  and  what  I  ask,  whilst 
yoa  vest  the  office  c^  librarian  in  my  hands,  is^  that  yoa  will  aid 
me  with  yoor  advice  and  soggestionSy  so  as  to  rnhanfr  its  efficiencT. 


Mk.  Johs  Majts,  the  Treasurer,  gave  in  an  Abstract  of  Treasurer's 
Account  lor  Session  1869-70,  duly  audited, — whidi,  having  been 
printed  in  the  Society's  areolar  calling  the  prennt  meeting, 
held  as  read,  and  was  adc^ited. 


Abstsact  op  TKKlSrUCE*8  AOOOUST.     SSBBIOS  1869-70. 

Da. 

19G9.— Aoc  L 
To  Btehnoei  fDrvsrd— 

laraioBBkakflfSeotlMd, £0  16    7 

la  Ttaasam's  haad^ 0  U  10) 

£1    8    5i 


Carrifftnmani, •       •    £1    8    5| 


MintUes. 
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BrougJU  forward^ £18 

1870.— Oc<.  31. 

Entry  Money  and  Dues  from  88  New  Members^  at  42«.,  . 


5* 


£184  16    0 


Annual  Dues  from  4  Original  Members,  at  5s., 
Annual  Dues  from  1  Original,  for  two  years,  . 
Annual  Dues  from  314  Members,  at  21«.,  • 
Annual  Dues  from  16  Members,  for  two  years, 
Annual  Dues  from  3  Members,  for  three  years. 


.       1    0 

0 

.      0  10 

0 

.  329  14 

0 

.    33  12 

0 

.      9    9 

0 

374    5    0 

r  Booms, 

• 

8    6    6 

Subscriptions  towards  Expense  of  Furnishing  New  Booms, 
Chemical  Section.— From  43  Associates,  at  5«.,       .  £10  15    0 

Balance  of  Dinner  Fund,  .        .116 


tt 


Minus  Expenses  of  Section, 

Sanitary  Section. — From  8  Associates,  at  5«., . 

Minus  Ex})en8e8  ofSection, 


11  16    6 
2    4    4 

2    0    0 
0  18  11 


,,  Architectural  Section.— From  49  Members,  at  21«.,    51    9    0 

Minus  Expenses,      •        .290 


9  12    2 


1    1    1 


„  Interest  from  Bank,         •        • 

„  Corporation  of  Glasgow.^Interest  on  ''Exhibition  Fund,"      • 

„  Balance  due  Treasurer,    .        .       .       .       .       ,       .        .      41    1    5| 


49    0    0 
0  12    0 

25  11    4 


£695  14    0 


Cr. 
1870.— Oc«.  31. 
By  Salaries  and  Wages, 
„  New  Books  and  Binding, 
„  Printing  ProceecUnga,  Circulars,  ko. 
„  Delivery  and  Postage  of  Circulars, 
„  Diplomas  and  Stationery, 


tt 


tt 


tt 


Bents  and  Taxes,     . 

Fire  Insurance,  Gas,  Coal,  Cleaning,  &c.. 

Advertising,  Petty  Charges,  and  Sundries, 


£125    0    0 


„  Subscriptions  to  Societies,  &c. — 

Bay  Society,  1870, 

Committee  of  British  Association  on  Sewage, 

Fund  for  the  Family  of  Professor  Sars  of 

Christiania,  • 


£211  12    7 

165    6    0 

37  14    6 

8    10 

£88  4  0 
20  5  5 
12    5    7 

£110 
5    5    0 

5    0    0 


422  14    1 


120  15    0 


„  Furniture  for  Booms, 
„  Balance  in  Union  Bank, 


11    6  0 

14    6  6 

1  12  6 

£695  14  0 


Glasgow,  llth  Kovembtr,  1870. — We,  the  Auditors  appointed  at  a  Meeting 
of  the  Society,  hdd  on  2ad  instant^  have  examined  the  Treasurer's  Accounts,  of 
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which  the  above  is  an  Abstract,  and  fonnd  them  correct,  the  Balance  in  Union 
Bank,  at  Slst  October  last,  being  One  pound  twelve  shillings  and  fivepence; 
and  due  to  the  Treasurer,  Forty-one  i)ounds  one  shiUing  and  fivepence  half- 
penny Sterling. 

The  Treasurer  has  also  exhibited  to  us  a  Voucher  which  he  holds  for  money 
lent  to  the  Corporation  of  Glasgow,  from  proceeds  of  Exhibition  in  1846,  amount- 
ing, with  Interest  to  15th  May  last,  to  £1,180,  9«.  4J.,  such  interest  having, 
however,  been  received  by  the  Society  as  from  26th  October,  1869,  in  terms  of 
arrangement  with  the  Corporation  for  Bent. 

(Signed)        JAMES  BEID. 

WILLIAM  RAMSAY. 

The  Society  then  proceeded  to  the  annual  election  of  Office- 
bearers. 

On  the  motion  of  the  President,  Professor  Sir  William  Thomson, 
LL.D.,  was  elected  by  acclamation  to  the  office  of  Yice-President, 
vacant  by  the  death  of  Dr.  Francis  H.  Thomson. 

On  the  motion  of  the  President,  carried  by  acclamation,  Mr. 
St.  John  Vincent  Day  was  re-elected  Librarian ;  Mr.  John  Mann 
was  re-elected  Treasurer;  and  Mx.  "William  Keddie  was  re-elected 
Secretary.   . 

A  ballot  was  then  taken  for  the  election  of  Four -Members  of 
Council  to  fill  the  places  vacated  by  the  retiring,  in  rotation,  of 
Mr.  George  Anderson,  M.P.,  Mr.  Alexander  Herschel,  Professor 
Young,  and  Mr.  John  Downie,  when  the  following  gentlemen  were 
elected,  viz. : — Dr.  William  Wallace,  Mr.  Horatio  K.  Bromhead^ 
Mr.  James  Anderson,  Mr.  William  R.  W.  Smith. 

Mr.  George  Watson  and  Mr.  Archibald  Kobertson  were  appointed 
to  scrutinize  the  votes. 

In  the  interval  between  th6  ballot  and  the  scrutiny  of  votes, 
Mr.  James  R.  Napier  exhibited  and  described  Stevenson's  Ship 
Lamp. 

Office-bearers  of  Philosophical  Society  for  1870-71. 

ftjesiknt. 

James  Bryci;  M^.,  LL.P.,  F.G.S. 

.  »t«-f  nsiitnts.    . 

•Professor  Allen  Thomson,  M.D.,  F.R.S. 
Professor  Sir  William  Thomson,  LL.D.,  F.R.S. 

Mr.  St.  John  Vincent  Day,  C.R,  F.R.S.E. 


Minnies. 


.497 


JEtjeRsttrtr. 

Mr.  John  Mann,  C.A. 
Mr.  William  Keddie,  F.R.S.E. 


Mr.  William  Macadam. 

Mr.  Edward  C.  C,  Stanford, 

F.C.S, 
Mr.  Moses  Provan,  C.A. 
Mr.  Sigismund  Schuman. 
Dr.  J.  Q.  Fleming. 
Mr.  James  Napier,  F.C.S, 


Mr.  Daniel  Macnee,  R.S.A. 
Mr.  Robert  Gray. 
Mr.  William  R.  W.  Smith. 
Mr.  James  Anderson. 
Mr.  Horatio  K.  Bromhead,  LA. 
Dr.  Wm.  Wallace,   F.RS.E., 
F.C.S. 


Corporation  Buildings,  Noverr^ber  30,  1870. — The  President 

in  the  Chair, 

Mr.  Adam  White,  Mr.  Thomas  Colquhoun,  Mr.  D.  M'Arthur, 
and  Mr.  Nathaniel  Dunlop,  were  elected  members  of  the  Society. 

Mr.  James  Napier,  Sen.,  read  a  paper,  entitled,  ''  The  Farmer 
and  the  Chemist.'' 

Mr.  James  R.  Napier  exhibited  and  described  a  Directional 
Rain  Guage  of  his  own  contrivance. 

On  the  recommendation  of  Mr.  James  R.  Napier,  it  was  remitted 
to  the  Council  to  consider  the  proprietj  of  printing  and  circulating 
the  Proceedings  in  Parts,  including  the  Discussions,  as  soon  as 
possible  after  the  papers  have  been  read  before  the  Soqietj. 


Corporation  buildings,  December  14,  1870. — The  President 

in  the  Chair. 

Sir  William  Thomson,  LL.D.,  made  a  communication  ''  On  the 
Attractions  and  Repulsions  due  to  Vibration,  observed  hj  Guthrie 
and  Schellbach." 


Corporation  Buildings^  Jaivuary  11,  1871. — Dr.  Allen  Thomson, 

Vice-President,  in  the  Chair. 

The  following  were  elected  members,  viz. : — 

Mr.  W.  P.  Ellison,  Inspector  of  Cleansing,  23  St.  Enoch  Square; 
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Mr.  Thomas  D.  Smellier  Surrejor  and  Property  Agent,  209  St. 
"Vincent  Street;  Mr.  William  Neilaon,  Writer,  307  St.  Vincent 
Street. 

Dr.  Bryce  read  a  paper  ''On  the  Question  as  between  Sir 
Roderick  I.  Murchison  and  Professor  James  Nicol,  in  r^ard  to  the 
Age  of  the  Bocks  of  the  Central  Highlands." 


CorporaUon  Buildings^  Jantuiry  25,  1871. — The  President 

in  the  Chair. 

The  following  were  elected  members,  viz. : — 

Mr.  William  Jones,  Civil  Engineer,  Caledonian  Railway  Engineers' 
Office;  Mr.  John  William  Donie,  Cashier,  23  West  Nile  Street; 
Mr.  John  Anderson,  Secretary,  48  Dundas  Street;  Mr.  Greorge  W. 
Jaffrey,  The  Firs,  Partick ;  Mr.  Siegmund  Wulff,  Dun  Allan, 
Partick  Hill;  Mr.  Gnstav  Jacoby,  Merchant,  Prospect  Hill  Villa, 
Montgomery  Boad;  Mr.  William  M'Ewan,  148  Bothwell  Street. 

Professor  Herschel  and  Professor  Thorpe  gave  '^  An  Account 
of  some  of  the  Scientific  Besults  and  Experiences  of  the  late  Expedi- 
tions for  Observing  the  Solar  Eclipse." 

Professor  Grant  added  some  remarks  on  the  same  subject. 


Corporation  Buildings^  February  8,  1871. — 7%«  Pebsidsbt 

in  the  Chair. 

The  following  were  elected  members : — 

Mr.  A.  Buchanan  Dick,  Merchant,  79  Hill  Street^  Cramet  Hill; 
Mr.  Alexander  D.  Dean,  Engraver,  105  Hill  Street,  Cramet  Hill; 
Mr.  William  J.  Armstrong,  Iron  Merchant,  3  Boyal  Exchange  Court; 
Mr.  Alexander  Scott,  19  St.  Yincent  Crescent. 

Professor  Herschel  read  a  paper  ''  On  Helmholtz's  Analysis  of 
the  Yowel  Sounds,"  which  was  illustrated  by  experiments. 


February  22, 
in  the  Chair. 


Mr.  James  L.  Selkirk,  Accountant,  and  Dr.  Labone,  Professor  of 
Languages,  were  elected  members. 
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Mr.  James  K.  Macfadten,  Fellow  of  the  Faculty  of  Actuaries 
in  Scotland,  read  a  paper  entitled,  '*  The  Theory  of  the  Death  Bate, 
with  Measurements  of  the  Comparative  Force  of  Mortality  in  Glas- 
gow and  other  Cities." 

The  reading  of  the  paper  was  followed  by  a  discussion,  in  which 
Bailie  Morrison,  Mr,  Osbom,  Dr.  Fergus,  Mr.  Win.  R.  W.  Smith, 
Mr.  Mayer,  Mr.  Macadam,  Mr.  Collins,  Mr.  Mactear,  Mr.  Schuman, 
Mr.  Dunlop,  Dr.  Lyon,  &c.,  took  part. 


Corporation  Buildings,  March  8,  1871. — The  President 

in  the  Chair, 

Mr.  Bobert  Knox  Masterton  and  Mr.  George  Hamilton  were 
elected  members. 

On  the  motion  of  Mr.  John  Mayer,  seconded  by  Mr.  James  B. 
Napier,  it  was  remitted  to  the  Council  to  report  on  the  terms  upon 
which  those  members  have  been  admitted  who  have  been  proposed 
at  or  near  the  close  of  the  Session,  and  elected  at  the  beginning  of 
the  next. 

The  President  called  attention  to  the  loss  which  the  Society  and 
the  Council  have  sustained  by  the  recent  death  of  Mr.  Moses 
Provan;  and  proposed  that  it  be  remitted  to  the  Council  to  prepare 
a  Minute  in  regard  to  his  death,  to  be  engrossed  in  the  Minute- 
book,  and  a  copy  transmitted  to  Mr.  Provan's  widow.  The  proposal 
was  agreed  to. 

It  was  moved  by  the  President,  seconded  by  Dr.  Young,  and 
resolved,  That  the  Society  be  authorized  to  co-operate  with  the 
Senatus  of  the  University,  and  other  public  bodies,  in  inviting  the 
British  Association  to  revisit  Glasgow  at  an  early  period. 

The  Bev.  Henrt  W.  Crossket,  of  Birmingham,  read  a  paper 
''  On  Scientific  Education  in  National  Elementary  Schools." 

In  the  discussion  which  followed,  Mr.  James  B.  Napier,  Pro- 
fessor YouNO,  Mr.  John  Mater,  and  Mr.  Jeffrat  took  part; 
and  on  the  motion  of  Mr.  J.  B.  Napier,  the  following  were 
appointed  a  Committee  to  watch  over  the  interests  of  Science 
teaching,  in  so  far  as  these  are  involved  in  the  Education  Bill  for 
Scotland — ^viz..  The  President,  Dr.  Young,  Sir  "William  Thomson, 
Mr.  Teacher,  Mr.  Mayer,  Mr.  William  M'Adam,  Mr.  George 
Anderson,  M.P.,  and  Mr.  James  B.  Napier — ^the  latter  gentleman 
being  appointed  Convener,  and  the  Committee  empowered  to  add 
to  their  number. 
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The  Rev.  Hemby  W.  Crosskey  then  read  a  paper  '*On  the 
Relationship  of  the  Foat-tertiarj  Beds  of  England  to  those  of 
Scotland." 


Corporation  Buildingi,  March  22,  1871. — The  President 

in  the  Chair. 

The  Council  reported,  in  regard  to  the  remit  of  last  meeting,  on 
the  motion  of  Mr.  Mayer,  seconded  by  Mr.  J.  R.  Napier,  that  no 
change  should  be  made  in  the  rule  for  the  admission  of  members, 
in  its  application  to  those  who  may  be  proposed  at  the  last  meeting 
of  a  Session,  and  elected  at  the  first  meeting  of  the  next  Session. 

The  Council  proposed  that  the  following  Obituary  Notice  of  the 
late  Mr.  Moses  Froyan  be  engrossed  in  the  Minutes — ^which  was 
agreed  to  by  the  Society ;  and  the  Secretary  was  instructed  to  com- 
municate a  copy  of  the  same  to  Mrs.  Provan : — 

"  The  Philosophical  Society  of  Glasgow  record  their  sincere 
sorrow  for  the  loss  they  have  sustained  by  the  death  of  Moses 
Proran,  Esq.  of  Auchengillen,  who  had  long  been  a  Member  of  the 
Society,  and  for  nearly  three  years  a  Member  of  the  Council. 

'^  Mr.  Provan's  purstdts  were  literary  rather  than  scientific  He 
excelled  as  a  linguist.  He  was  one  of  the  founders,  and  an  active 
and  liberal  promoter,  of  the  Glasgow  Athenaeum.  But  he  not  the 
less  evinced  a  warm  and  intelligent  interest  in  the  proceedings  of 
this  Society.  On  his  being  chosen  a  Member  of  Council,  he  addressed 
himself  to  the  discharge  of  his  duties  with  an  obvious  desire  to 
advance  the  prosperity  and  usefulness  of  the  Society.  He  attended 
the  meetings  of  Council  with  regularity,  and  was  present  at  the 
last  meeting  held  before  his  death.  EUs  deportment  was  invariably 
marked  by  a  high  sense  of  honour;  and  his  courtesy  and  gentle- 
manly feeling  won  for  him  the  confidence  and  consideration  of  those 
associated  with  him  in  the  management  of  the  Society. 

'*  In  communicating  to  Mrs.  Provan,  as  they  do  with  the  most 
respectful  sympathy,  this  expression  of  their  esteem  for  the  memory 
of  her  lamented  husband,  they  beg  at  the  same  time  to  offer  her 
their  sentiments  of  sincere  condolence  on  the  sudden  termination  of 
a  union  so  recently  formed,  with  every  prospect,  to  homan  view,  of 
prolonged  and  unalloyed  happiness." 

Mr.  James  Thomson,  F.G.S.,  read  a  paper  '*  On  the  Discovery  of 
Fragments  and  Boulders  of  Granite  in  Schistose  Rocks  in  Islay." 


Af%nute$,  501 

Professor  Gairdker,  M.D.,  read  ''  Notes  on  the  Cemetery  of 
Staglieno,  near  Genoa,  its  Architecture  and  Monuments,"  by  Mr. 
Charles  Heath  Wilson. 


Corporation  BuUdings,  April  12,  187  h— The  President 

in  the  Chair. 

Mr.  James  Dickson  was  elected  a  member. 

On  the  motion  of  the  President,  Mr.  William  R.  W.  Smith  was 
appointed  Convener  of  the  Committee  on  Patents  for  Inventions,  in 
room  of  Mr.  Walter  Montgomerie  Neilson,  who  has  resigned  that 
office. 

A  paper  was  read  by  Mr.  St.  John  Vincent  Day,  "On  some  of  the 
Evidences  as  to  the  Knowledge  and  Use  of  Iron  in  pre-historic 
Ages,  and  on  certain  bits  of  Iron  in  particular." 

Mr.  Robert  R.  Tatlock  read  the  "  Annual  Report  on  Proceed- 
ings of  the  Chemical  Section,"  for  which  he  received  a  vote  of 
thanks. 

Report  from  Chemical  Section. 

The  Council  of  the  Chemical  Section  have  much  pleasure  in  being 
able  to  report  to  the  Society  that  the  Section  is  now  in  a  much  more 
prosperous  condition,  both  as  regards  membership  and  the  amount 
of  work  accomplished,  than  at  any  former  period  of  its  history. 

The  Associates  who  are  not  members  of  the  Philosophical  Society 
are  seventy-six  in  number.  The  number  of  meetings  that  have 
been  held  during  the  past  Session  is  ten,  at  which  sixteen  papers 
have  been  read.  Many  of  these  were  the  result  of  much  patient 
labour  and  investigation,  and  were  of  an  entirely  original  character. 

At  the  opening  meeting  of  the  Session,  held  on  the  evening  of 
the  7th  November,  Mr.  Alex.  Whitelaw,  Vice-President,  in  the 
absence  of  the  President,  delivered  the  Introductory  Address,  in 
which  he  referred  at  great  length  to  the  progress  of  Chemical  Science 
during  the  last  few  years,  and  to  the  life  and  labours  of  distinguished 
chemists  recently  deceased. 

At  the  following  meeting,  held  for  the  transaction  of  business, 
Dr.  Wallace  was  unanimously  appointed  President  for  three 
years.  Dr.  Anderson's  term  of  office  having  expired. 

On  the  evening  of  the  5th  December,  Dr.  Wallace  read  a  paper 
'*  On  the  Impurities  and  Illuminating  Power  of  Coal  Gas,"  in  which 
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ke  expl^med  tke  mKLodi  moct  commonlr  in  vae  lor  detankimn^  tlie 
nhmusAting  powio-  mzid  impomies  present,  and  ffliistrmied  the 
deKripdons  whli  the  apparmtos  used  in  mctiuJ  practice. 

Ac  tlie  next  meeting  Mr.  R.  R.  Tatlocx  read  a  papa*  ^  On  some 
Soorces  of  Error  in  Yolomecnc  AnalysiSy**  in  which  he  called  atten- 
tion to  the  cirenmstazLce  of  error  arising  frmn  the  ocmtraction  of 
laline  solutions  when  mixed  with  water. 

At  the  meeting  held  on  16th  January,  Dr.  Clark  read  a  p*per 
"  On  Peroxide  of  Hydrogen  or  HydroxyL**  The  author  referred 
principaily  to  the  double  character  of  the  oxygen  atom,  and  illos- 
trased  the  sabject  with  nnmeroos  beantifol  experiments  of  a  kind 
seldom  exhibited  in  the  lectnre-room. 

On  the  evening  of  30th  Janoaiy,  Mr.  John  Scthkrlaxd  read  a 
paper  "-  On  the  Pnniping  of  Hot  Liquids."  The  improTement  in  the 
pomp  he  described  consisted  in  allowing  a  jet  of  cold  water  spray  to 
hJl  into  the  upper  part  of  the  horizontal  pipe,  which  condensed  the 
steam  and  restored  the  vacuum.  On  the  same  evening,  Mr.  E.  C. 
C.  Stanford  read  three  papers,  entitled  respectively,  '*  On  Fulmar 
Oa  from  St.  Eilda,^  "•  On  Tyree  Marbles,"  and  ''On  the  Ketention 
of  Organic  Nitrogen  by  CharcoaL** 

At  the  following  meeting,  Mr.  Alky,  Sl  Serschel  read  a  paper 
*'  On  the  Results  of  the  Discussions  on  the  recent  Eclipse  Expedi- 
tion.** This  was  lit^owed  by  one  from  Professor  Dewar,  of  Edin- 
burgh, '^  On  the  Relation  of  Heat  to  Chonical  Re^urdons."  This 
was  an  exceedingly  interesting  as  well  as  valuable  paper,  and  of  a 
dass  well  suited  to  the  requirements  of  the  Section.  It  was 
succeeded  bv  one  from  Mr.  J.  W.  Torso,  "  On  the  Analvsis  of  an 
Alkaline  Spring  from  Cathkin,  near  Rutherglen," — the  peculiarity 
of  the  water  being,  that  it  contained  about  17  gr&  per  gallon  of 
soda  in  the  form  of  bicarbonate,  only  small  quantities  of  lime  and 
magnesia,  and  no  sulphates. 

At  the  meeting  of  13th  March,  Dr.  Thorpe  read  a  ps^^er  ^  On  the 
Chemical  Constitution  of  Paraffine."  He  stated  that,  by  distiUation 
under  pressure,  he  had  succeeded  in  breaking  up  paraffine  into 
liquid  hydrocarbon  entirely.  This  pi^>er  was  succeeded  by  one 
"  On  Artificial  Alizarine,"  by  Mr.  J.  Wallace  YocxOy  in  which  he 
stated  that  the  results  of  his  experiments  led  him  to  the  conclusion 
that  the  artificial  alizarine  mann£sctured  from  coal  tar  was  id«i^t^^ 
with  the  natural  alizarine  of  madder  root. 

At  the  next  meeting,  Mr.  Johk  Fergusoh  read  a  JMiper  *'  On 
some  recent  Criticisms  of  Layoisier."  He  traced  the  career  of  that 
chemist  minutely,  and  stated  that  he  belieyed  him  to  be  no  die- 
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coverer,  but  acknowledged  his  ability  to  make  inferences  from  the 
discoveries  of  others. 

At  the  same  meeting,  Mr.  James  Stark  read  a  note  ''  On  the 
Analyses  of  Intestinal  Calculi,  and  an  Earthball  from  the  Horse;" 
after  which,  a  very  able  paper  "  On  the  Reactions  of  some  of  the 
Opium  Bases,  and  on  a  new  Opium  Base,"  by  Mr.  L.  Meter,  was 
read.  This  paper  was  the  product  of  many  months'  investigation 
and  labour,  which  had  been  rewarded  by  the  discovery  of  a  new 
alkaloid  in  opium,  to  which  the  author  had  not  yet  been  able  to  give 
a  name. 

At  the  closing  meeting  of  the  Session,  Dr.  Stevenson  Macadam, 
of  Edinburgh,  will  read  a  paper  <'  On  the  Photogenic  Power  of 
Oils." 

Mr.  David  G.  Hoet  read  the  '*  Annual  Report  on  Proceedings 
of  the  Sanitary  and  Social  Economy  Section,"  for  which  he  received 
a  vote  of  thanks. 

A  recommendation  to  the  Society,  in  the  latter  Report,  to  petition 
Parliament  on  certain  points  in  the  Education  Bill  for  Scotland,  was 
fallen  from,  with  the  consent  of  several  office-bearers  and  members 
of  the  Sanitary  and  Social  Economy  Section  now  present. 


Report  from  Sanitary  and  Social  Economy  Section. 

The  business  of  the  Section  has  been  carried  on  during  the 
present  Session  with  considerable  spirit  and  energy;  and,  whilst 
due  attention  has  been  given  to  the  subject  to  which  the  Section 
may  be  said  to  owe  its  origin — viz.,  the  Sewage  Question — several 
other  highly  important  sanitary  and  social  questions  have  likewise 
been  brought  up  for  consideration  and  discussion. 

At  the  commencement  of  the  Session  the  Council  made  arrange- 
ments for  obtaining  papers  from  gentlemen  well  qualified  to  speak 
upon  various  aspects  of  a  considerable  number  of  questions,  em- 
bracing the  following : — 

1.  The  Sewage  Question. 

2.  Improved  Houses  for  the  Poorer  Classes. 

3.  The  Education  Question. 

4.  The  Liquor  Traffic. 

5.  Loan  Societies  and  Club  Tickets. 

And  all  of  these  have  been  taken  up,  with  the  exception  of  the  last, 
which  remains  over  for  consideration  next  Session. 
Vol,  VII.— No.  3.  2  l 
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The  papers  read  daring  the  Session  have  been  the  following, 
viz. : — 

1.  '^  On  the  Sewage  Question,  with  special  reference  to  the  late 
Eeports  of  the  Biver  Pollution  Commission^  and  the  British  As- 
sociation Committee/'  by  Mr.  E.  C.  C.  Stanford,  F.C.S. 

This  paper  was  of  a  most  exhaustive  and  able  nature,  and  was 
illustrated  by  numerous  specimens.  It  has  since  been  printed  and 
published  at  the  request  of  the  Section. 

2.  '<  On  various  aspects  of  the  Sewage  Question/'  by  CounciUor 
Ure. 

3.  "  A  Critique  on  Mr.  Corfield's  recent  Report  on  the  Sewage 
Question/'  by  Mr.  Gavin  Chapman. 

4.  "  On  the  Operations  of  a  Society,  established  in  Jarrow,  for 
enabling  the  workmen  of  the  Palmer  Shipbuilding  Company  to 
provide  themselves  with  suitable  Dwellings,"  by  Mr.  John  M'lntyre. 

The  above  paper  was  read  by  the  Secretary,  who,  at  the  same 
meeting,  exhibited  and  explained  a  model  in  wood,  prepared  by  Mr. 
Thomas  Hoey,  illustrative  of  his  scheme  for  improved  dwellings 
for  the  poorer  classes. 

5.  <' On  the  Liquor  Traffic:  its  exceptional  character  and  treat- 
ment/' by  Mr.  J.  L.  Selkirk. 

This  paper  was  an  argument  in  favotir  of  the  policy  of  the  Per- 
missive Bill  Association — that  Association  having  requested^  and 
been  accorded,  an  evening  for  the  advocacy  of  their  views. 

G.  '^  On  the  Social,  Economical,  Financial,  and  Commercial  results 
of  the  conversion  of  70,000,000  bushels  (or  thereby)  of  grain  per 
annum  into  intoxicating  liquors  by  Brewing  and  Distillation  in 
Great  Britain  and  Ireland,"  by  Mr.  Wm.  Melvin. 

7.  "  On  a  National  System  of  Education :  What  it  means,  and 
What  it  involves,"  by  the  Bev.  J.  Page  Hopps. 

8.  <'  On  tlie  Scottish  Education  BiU :  its  merits  and  its  defects," 
by  Mr.  Stephen  Mason. 

The  papers  submitted  had  been  prepared  with  ability  and  care, 
and  brought  out  the  views  of  the  writers  with  great  force  and  clear- 
ness.    Interesting  and  lively  discussions  followed  in  every  case. 

With  the  exception  hereinafter  mentioned,  no  definite  resolutions 
or  conclusions  were  arrived  at  on  any  of  the  questions  under  con- 
sideration. On  the  subject  of  the  Sewage,  nothing  was  advanced  to 
alter  the  former  finding  of  the  Section. 

On  the  question  of  improved  houses  for  the  poorer  classes,  no 
definite  indication  of  opinion  was  elicited,  beyond  that  of  the 
imperative  necessity  of  some  improvement  being  effected. 
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On  the  Liquor  Traffic,  the  discussions  were  unavoidably  one-sided, 
the  representatives  of  the  traffic  having  entirely  absented  them- 
selves from  the  debates,  in  marked  contrast  to  the  energy  and  zeal 
they  displayed  in  the  previous  Session,  and  the  opinions  expressed 
by  the  general  members  having  been  strongly  in  favour  of  some 
measure  of  restriction. 

On  the  Education  Question,  it  was  resolved  that  the  Section  re- 
commend the  parent  Society  to  petition  Parliament — 

1st.  For  the  insertion  of  a  compulsory  clause  in  the  Scottish 
Education  Bill. 

2d.  That  no  grants  of  public  money  be  given  to  denominations 
after  the  passing  of  the  bill,  regard  being  had  to  existing  life 
interests. 

3d.  That  no  catechism  or  religious  formularies  be  taught  in  the 
National  Schools.  The  addition  of  the  words,  "  except  in  the  hours 
specified  in  the  conscience  clause,"  was  moved,  but  negatived  by  a 
majority. 

4th.  That  the  Bill  should  contain  a  time-table  conscience  clause, 
to  regulate  the  hours  at  which  the  Bible  may  be  read,  either  before 
or  after  the  ordinary  school  hours. 

5th.  That  the  Bill  be  amended  by  the  substitution  of  £50  for  ^35 
as  the  minimum  salary  of  the  teachera. 

6th.  The  compulsory  exclusion  of  ecclesiastical  and  theological 
qualifications  as  conditions  of  the  teacher's  engagement;  and  after- 
wards the  exclusion  of  theological  subjects  as  subjects  to  be  taught 
by  him. 

The  previous  question  was  moved,  but  the  motion  was  carried  by 
a  majority. 

The  attendance  at  the  various  meetings  of  the  Section  averaged 
from  twenty-five  to  thirty.  Unlike  the  other  Sections  of  the  Society, 
we  have  no  large  body  belonging  to  any  special  business  or  profes- 
sion on  whom  to  rely  for  attendance,  but  must,  on  the  contrary, 
depend  solely  on  the  interest  taken  in  questions  of  a  general  kind. 
Still,  we  are  of  opinion  that  a  much  larger  attendance  of  the  mem- 
bers of  tlie  Philosophical  Society  might  reasonably  be  expected,  in 
view  of  the  importance  of  the  subjects  discussed  at  our  meetings, 
and  of  the  ability  which  the  readers  of  papers  have  shown,  and  the 
labour  they  have  spent  in  their  preparation.  On  this  point  the 
Section  is  of  opinion  that  greater  interest  might  be  excited  by  its 
existence  and  proceedings  being  kept  more  prominently  before  the 
members  of  the  parent  Society ;  and  to  this  end  the  Council  of  the 
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ScccLqh  respecofdihr  msk  ti&sc  uie  Fresidezit  of  the  Sodetj  shoald,  m% 
toe  d-jiie  of  cml  tatoii^ilj  mecdnz  of  said  Sxietj.  intiixute  tlie 
E.ex»  maetLn^  of  tliu  SccdoQ  &nd  c^e  pi4>er  to  be  then,  temght  ap. 


C^^rponxSic^  BuUdia^^  April  1(>.  IS7I. — 77*^  Peesidext 

Li  (A*?  Chair. 

PionssoE  SiE  William  Thomson.  LL.D..  nude  a  commnnic^ 
tiott  on  "  Experimenui  liiastr^tioiis  of  the  Dm&mical  Theorr  of 
Ships'  Boiling."'  Sir  William  aIso  exhibited  and  described  **  New 
Forms  fA  Permanent  Daniell's  Batteries.'' 

The  Peesidext  thf-n  intimated  thit  this  was  the  closing  meeting 
of  the  Session. 
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ERRATA. 


In  page  197,  second  line  from  top, /or  "  jacqnard,"  rtad  Qifiard. 

In  page  379,  tenth  line  from  top, /or  "  1,000,000,"  read  1,000,000,000. 

In  page  399,  first  line,/>r  "  observations,''  read  observatories. 


